March 2, 2007
Hand Delivered

Mr. Qazi Salahuddin, Ph.D.

Program Manager

DNREC - Site Investigation and Restoration Branch
391 Lukens Drive

New Castle, DE 19720

DuPont Comments to Schnabel Engineering Report entitled
Hay Road Sludge Drying Site, Cherry Island, Wilmington, Delaware
dated December 20, 2006

Dear Dr. Salahuddin:

Enclosed are DuPont comments on the Schnabel Engineering’s independent, third-party
report (Schnabel Report). DuPont appreciates the work that went into developing the
independent study and we have worked hard to provide substantive comments on the
report. We believe that completion of the independent review fully satisfies the
requirements of House Concurrent Resolution No. 22.

Although the Schnabel Report does not recommend a change in proposed remedy, it does
recommend certain additional actions be taken before a remedial decision is made. Based
on our review, DuPont has developed detailed comments on the Schnabel Report’s
findings and recommendations that may be generalized in two ways.

First, there are certain findings or recommendations in the report with which we
technically disagree. An example of a comment such as this might be a technical
disagreement over whether additional data are necessary (or not) to support a remedial
decision or the number of samples needed to make a remedial decision. Second, there are
certain findings or recommendations that DuPont believes are inaccurate or incorrect. An
example of a comment such as this might be where there is a mathematical error in a
calculation used to support a finding or recommendation by Schabel.

We have organized our comments in the following manner. First, we present an overview
of our comments as Attachment 1 of this letter. Second, Attachment 2 is a point-by-point
response to specific comments within the Schnabel Report.

DuPont remains confident that the in-place remedy (capping) presents the lowest risk and
is the most timely and cost-effective alternative for remediating the Iron-Rich site. This
alternative is supported by the data submitted to the Delaware Department of Natural
Resources and Environmental Control (DNREC) following many years of investigations
and studies as well as information presented during multiple public forums.



Mr. Salahuddin, Ph.D.
March 2, 2007
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Thank you for the opportunity to comment on the independent, third-party study. DuPont
stands ready to meet with DNREC should the agency require additional mformation or
need clarification of the information submitted in this cover letter or any of the
accompanying attachments.

Sincerely, ,
Thomas S. Andersen
Environmental Manager

DuPont Edge Moor

Attachments (5)
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2-Detailed DuPont Comments on Schnabel Engineering Report

3-List of Exhibits

4-List of Acronyms
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SCHNABEL ENGINEERING REPORT



Attachment 1

Presented below are five major areas in which the Schnabel Report presents technically
inaccurate statements regarding important issues or misinterprets findings and data from existing
reports cited in the study. The five major areas are as follows:

1. Proposed Capping System Operational Life — The Schnabel Report states that the
operational life of high-density polyethylene (HDPE) liners is on the order of
decades, citing a technical paper by Peggs (2003) as the basis for their comment.
This statement is a misunderstanding of the actual contents of the paper referenced.
The paper by Peggs states “...our practical experience with HDPE geomembranes is
limited to about 25 years.” In fact, the Peggs paper concludes that if high-quality
geomembrane materials are used, in conjunction with good design and quality
construction practices then a “HDPE geomembrane in a MSW [municipal solid
waste] landfill should last for about 400 years.” The Peggs paper is included as
Exhibit D of Attachment 2.

2. Potential Presence of DNAPLSs within the Iron-Rich Pile — The Schnabel Report
incorrectly concluded that hexachlorobenzene (HCB) exists as a dense, nonaqueous
phase liquid (DNAPL) in the Iron-Rich Pile in relatively large volumes that could
migrate to the environment. This conclusion was based on measured HCB
concentrations in Iron-Rich and a partitioning calculation. Using the same basic
assumptions, the estimates presented by Schnabel have been found to be
overestimated by a factor of 1,000, apparently due to a unit conversion error. Simply
put, HCB will not occur as a DNAPL. Rather, based on known HCB physical
properties, HCB is strongly adsorbed to the Iron-Rich (a carbonaceous material).
This fact is confirmed by Iron-Rich toxicity characteristic leaching procedure (TCLP)
analytical data.

3. Preparation of a Focused Feasibility Study — The Schnabel Report states that DuPont
did not have prior approval by the Delaware Department of Natural Resources and
Environmental Control (DNREC) to prepare a focused feasibility study (FFS). The
report further states that the FFS approach resulted in “two extreme choices” (cap-in-
place, source removal) for remedial technology alternatives. DuPont received
approval from DNREC to complete a FFS through issuance of the scope of work
contained in the Voluntary Cleanup Program Agreement (dated September 11, 2002)
for the Hay Road site. This approval and DNREC Hazardous Substances Cleanup
Act (HSCA) guidance (1994) allowed for the FFS to use a presumptive remedy
approach in the assessment of remedial technology alternatives. In fact, the Schnabel
Report correctly states “A focused feasibility study considering a limited number of
remedial alternatives or the use of a presumptive remedy may be used in lieu of a
normal feasibility study.” The two technologies evaluated by the FFS (cap-in-place,
source removal) are not “extreme choices.” The proposed remedy has been routinely
implemented at sites throughout the country, including Delaware.

4. Adequacy of the Risk Assessments — The Schnabel Report states that the ecological
and human health risk assessments have significant shortcomings with regard to
evaluating wind-blown dust and wildlife access pathways for exposure. DuPont
disagrees. As noted in the Schnabel Report, “The exposure pathways that were
considered in DuPont’s RI/RA [remedial investigation/risk assessment] report
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include: direct contact, air/wind dispersion, ground water, and surface water...The
risk assessment was conducted consistent with DNREC’s Remediation Standard
Guidance Document Under the Delaware Hazardous Substance Cleanup Act, dated
December 1999 (DRNEC, 1999).”

In addition to DNREC’s requirements, DuPont performed extensive evaluations of
the potential for exposure to wind-blown dust to receptors in adjacent water bodies.
These evaluations concluded that there was de minimus risk from these past releases.

Further, the Schnabel Report also concludes that the Iron-Rich material storage area
is not a “robust wildlife habitat,” and that “the completion of the proposed remedy
will reduce/eliminate the direct contact route.” DuPont agrees and believes that
neither of these exposure pathways will be a concern once the site is remediated.

5. Personal Protective Equipment (PPE) — In the conclusions and recommendations
sections of the report, Schnabel implies that an inappropriate level of PPE and
monitoring was being employed by workers at the site during a visit in July 2006.
DuPont implemented a comprehensive perimeter air monitoring program during the
regrading of the Iron-Rich pile in 2002. This program included a PPE level that
protected workers from potential airborne particulates, skin contact, and potential
inadvertent ingestion of solids from the pile. Data generated from this project
established appropriate PPE levels for future site activities based on the type of work
undertaken on-site. DuPont has and will continue to implement appropriate PPE
measures to ensure that on-site workers are working in a safe environment. In
addition, on the day Schnabel visited the site, there were no workers present other
than the DuPont employees who accommodated Schnabel’s tour. Visitors were some
distance from the Iron-Rich material at all times on that day.
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Attachment 2

Schnabel Statement—Section 2.2.2, Geology and Soils

...Permeability data is provided for several sampling locations west of the IRM storage pile.
However, samples of the material beneath the IRM storage pile were not collected, and therefore
not evaluated for their permeability characteristics.

DuPont Comment #1

Extensive geotechnical investigations have been conducted at the site, including multiple
studies in the early 1970s, Cell 2 investigations (1977), Cell 3 investigations (1978 through
1979), Cell 4 investigation (1990), landfill closure investigation (1992), and the pre-design
investigation (2000). Exhibit A illustrates the numerous soil borings, test pits, wells, and
piezometers that have been employed to understand the site subsurface. DuPont is aware that
heterogeneities may influence the bulk permeability of a unit. However, sand beds or
laminations within the dredged materials were thin and not laterally correlative, indicating
they are likely discontinuous lenses rather than extensive flow pathways.

As Schnabel states, permeability data are available for several locations west of the IRM
storage pile at various depths. Boring logs are also available for locations across the site,
both in the areas where the permeability data were collected and under the IRM pile (see
Exhibit A). The logs of the 14 borings within or on the margin of the footprint of the IRM
pile indicate that the materials beneath the pile are comparable to those used for the
permeability analyses. The hydraulic conductivity value of 4.6 x 10 cm/sec cited by
Schnabel was obtained from the Shallow Sand unit in the western portion of the site, not
from the DM that underlies the IRM storage area. The highest vertical hydraulic
conductivity measured on any of the DM at the site was 1.1 x 10” cm/sec.

Schnabel Statement—Section 2.2.2, Geology and Soils

... The seasonal variations in the rate and volume of ground water, surface water interactions,
recharge and discharge areas are not discussed in sufficient detail.

DuPont Comment #2

The seasonal variations in the hydrogeological flow system at the site are typical of any
groundwater flow system in northern New Castle County, Delaware. The water table is
expected to be relatively higher during wet periods of the year and lower during dry periods
of the year. The IRM was placed above the seasonal high water table. Per the in-place
closure remedy scenario (i.e., capping), the IRM would continue to remain above the water
table. This placement dramatically limits the potential for COPCs in the IRM to leach into
the groundwater.

Over the past 20 years, the solid waste landfill permit has required water level measurements
to be obtained from selected wells at different times of the year. These water level data
clearly show the groundwater surface water interactions and provided DuPont with sufficient
information to address seasonal variations as they pertain to the remedial alternatives.
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Schnabel Statement—Section 2.2.2, Geology and Soils

It is our opinion that sufficient data was presented regarding the chemical characteristic of the
DM in specific areas of the site, but we believe that this data may not reflect the IRM’s impact on
the dredged material in the eastern portion of the site...

DuPont Comment #3

DuPont agrees that sufficient data were presented to chemically characterize DM in specific
areas of the site (samples DM-1 through DM-14). DuPont believes that the results from
these samples would be consistent with results from samples collected on the eastern portion
of the site.

Schnabel Statement—Section 2.2.3, Hydrology and Saturation Zones

Sufficient information and data were provided detailing both surrounding bodies of water
including flow, stream dimensions, and water quality. Insufficient information was provided on
flooding tendencies and surface to ground water relationships.

DuPont Comment #4

DuPont agrees with Schnabel’s comment that sufficient information and data were provided
detailing both surrounding bodies of water, including flow, stream dimensions, and water
quality. DuPont obtained USGS peak stream flow data from 1945 to 2006 on the flooding
tendencies of the river (see Exhibit B). These data show that the highest recorded stream
flow of Shellpot Creek occurred in 1989 at elevation 13.76 feet MSL (NGVD29) or elevation
12.63 feet MSL (NAVDS88). It is important to note that USGS stream flow data in Exhibit B
are presented in NGVD29, not NAVD88. For comparison purposes, the topographic low
point of the berm is at elevation 17.13 feet MSL NGVD29 or 16.0 feet MSL NAVD88. This
comparison shows that the highest historical flood on record (12.63 feet MSL NAVD88)
remains lower than the lowest point of the berm. Furthermore, this low point berm elevation
(elevation 16.0 MSL NAVD88) is well above the 100- and 500-year floodplain elevations of
8.87 and 10.0 feet MSL NAVDS88, respectively.

Schnabel Statement—Section 2.2.4, Meteorology and Climate

Neither temperature data nor discussions on extreme weather conditions were present. The
temperature may have little relevance to the IRM; however, extreme weather conditions,
including hurricanes and associated flooding which pose possible threats were not discussed.

DuPont Comment #5

DuPont acknowledges that extreme weather conditions, such as hurricanes with their high
wind velocities, could have a detrimental impact on the current IRM pile. However, DuPont
believes that these extreme weather conditions affect elevated structures and would not affect
the vegetative cover and soil proposed as part of the geosynthetic capping system of the
cap-in-place remedy. As stated previously, the IRM pile is well above the 100- and 500-year
floodplain elevations of 8.87 and 10.0 feet MSL NAVD88, respectively. In addition, review
of the peak stream flow of Shellpot Creek (see Exhibit B) revealed a peak elevation of

13.76 feet MSL (NDVDZ29) or 12.13 feet MSL (NAVDS88). This is well below the low berm
elevation of 16.0 feet MSL (NAVD88).
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In the unlikely event of a storm surge higher than 16 feet MSL NAVD88 (the low point of
the berm), flood water would only temporary inundate a small portion of the capping system.
The flood water would be drained away by the surface drainage controls, which would be
designed in accordance with DNREC regulations. This drainage would occur without
damaging the HDPE capping membrane. Vegetation and cap cover soils above the
membrane could be eroded away, but could quickly be replaced.

Schnabel Statement—Section 2.2.5, Proximities

...We noted that there is a topographic low in the berm separating the site from the
Delaware River near the southeast corner of the site and near stormwater outfall DO02. This
topographic low may alter the effectiveness of the berm in relation to high stage flooding.
Because of this, it is our opinion that the reliance on the FEMA Flood Insurance Map is not
sufficient.

DuPont Comment #6

The topographic low outside of the berm separating the site from the Delaware River near
Outfall D002 referenced above corresponds to an elevation of approximately 9.0 feet MSL
NAVDB8S at the base of the rip-rap at Outfall D002 (see Exhibit C). This exhibit presents the
100-year floodplain of 8.87 feet MSL NAVD@88 as a thick dashed line. The elevation at the
base of Outfall D002 is a localized topographic low area that quickly increases in elevation to
approximately 16.6 feet MSL NAVD88 at the access road in the southeast corner of the site.
This elevation (16.6 feet MSL NAVDS88) is well above the 100- and 500-year floodplain
elevations of 8.87 and 10.47 feet MSL, respectively (based on NAVD88). Even with this
localized topographic low, the effectiveness of the berm relative to the 100- and 500-year
floodplains will not be impacted.

Schnabel Statement—Section 2.2.5, Proximities

...There is a discrepancy between this document and the RI/RA report on the elevation of the
100-year flood.

DuPont Comment #7

The elevation of the 100-year flood was reported in two separate data: NGVD29 and
NAVD88. NGVD29 was developed in 1929, and NAVDB88 is an updated version of
NGVD29 that was developed in 1988. The 100-year floodplain elevation noted in the

June 15, 2005, document is 8.9 feet MSL NAVD88. The 100-year floodplain elevation
presented in the RI/RA report is 10.0 feet MSL NGVD29 based on a FEMA flood insurance
map dated April 17, 1996 (DuPont, 2004a). The datum used for the FEMA map (NGVD29)
is different than the current datum used in Delaware for elevation determination (NAVD88)
by 1.13 feet. That is, the current Delaware State Plane (NAVDS88) is 1.13 feet lower than the
elevations presented on the FEMA map (NGVD29). Therefore, the 10.0 feet MSL NGVD29
elevation presented on the FEMA map for the 100-year floodplain corresponds to a current
elevation of 8.87 feet MSL NAVD88. DuPont will use the NAVD88 datum in all future
reports.
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Schnabel Statement—Section 2.4.1, Dredged Material

Information was not provided regarding the chemical characterization of the DM prior to
DuPont’s activities at the site. Recent samples of DM were collected for chemical analysis from
within the confines of the original 22.5 acre IRM storage area footprint. It is our opinion that by
limiting the sample locations to the previous IRM footprint, they did not achieve an adequate
determination of the extent or presence of IRM-related contamination within the DM.

DuPont Comment #8

No information is available regarding the chemical characterization of the DM prior to
DuPont activities at the site. Leachate and groundwater flow modeling has been performed
by ENVIRON (2003). The leachate model used was the USEPA HELP model (USEPA,
1994). The groundwater flow model used was the Oak Ridge National Laboratories AT123D
model (USEPA, 1989). The modeling results demonstrated that the COPCs do not pose any
appreciable risks through leaching and transport to nearby surface water bodies.

Schnabel Statement—Section 2.4.1, Dredged Material

A sample of DM that has not been in contact with IRM should be collected and analyzed to
compare and establish the extent of IRM-related contamination, if any, in the dredged material.

DuPont Comment #9

Leachate and groundwater flow modeling has been performed by ENVIRON (2003). The
leachate model used was the USEPA HELP model (USEPA, 1994). The groundwater flow
model used was the Oak Ridge National Laboratories AT123D model (USEPA, 1989). The
modeling results demonstrated that the COPCs do not pose any appreciable risks through
leaching and transport to nearby surface water bodies.

Schnabel Statement—Section 2.5.1, Direct Contact

Currently, direct contact with IRM by ecological receptors, contrary to DuPont’s reports, is
likely. We observed birds, rabbits and a fox on the IRM pile during our on-site visit on

July 5, 2006. However, it is believed that the completion of the proposed remedy will
reduce/eliminate the direct contact route, and therefore the data are sufficient.

DuPont Comment #10

Ecological receptors were addressed consistent with DNREC requirements. At the time
when the RI/RA report was submitted, the IRM did not support vegetation. DuPont
presumed that the remedy would be implemented in a relatively short period of time.
Voluntary vegetative growth has occurred within the last year. However, DuPont agrees that
the completion of the proposed remedy will eliminate the exposure route.

Schnabel Statement—Section 2.5.3, Ground Water

The ground water exposure route and supporting data are not sufficiently described in the
documents as they apply to current conditions. Instead, focus is placed on the reduced leachate
generating potential once a capping system is installed. With analytical data demonstrating the
current leaching potential, we believe more emphasis should have been placed on the mobility
and persistence of the COC. The migration path and expected exposure pathways are addressed
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in subsequent paragraphs of the Final RI/RA Report. No drinking water sources are within the
vicinity of the site.

DuPont Comment #11

As Schnabel correctly noted, “No drinking water sources are within the vicinity of the site.”
Hence, the appropriate focus should be the potential for leaching and subsequent discharge to
surface water. It should be noted that both scenarios, i.e., with and without a cap, have been
evaluated. DuPont placed a significant amount of effort on evaluating this pathway for both
cap and no cap scenarios. The no cap scenario could conservatively be viewed as the current
condition. The Schnabel Report acknowledges this when it states “The migration path and
expected exposure pathways are addressed in subsequent paragraphs of the Final RI/RA
Report.”

The modeling results (ENVIRON, 2003) demonstrated that under each closure option

(i.e., no cap, soil protective layer and low-density polyethylene liner), leaching and migration
to the nearby surface water bodies at potentially significant concentrations would not occur
for at least 1,000 years—even if these constituents were present at solubility limits in the
leachate. Essentially unlimited concentrations of each of the COPCs could be present in the
IRM staging pile and still not result in an exceedance of risk-based surface water quality
criteria.

It should be stressed that even without a cap (which can be conservatively assumed to be
equivalent to current conditions) and conservatively assuming that no degradation or tidal
mixing occurs, essentially unlimited concentrations of each of the COPCs may be left in
place and still not result in an exceedance of risk-based surface water quality criteria.

Schnabel Statement—Section 2.6.4, Persistence and Bioaccumulative Properties

Persistence and bioaccumulative properties, including mobility and form, were not evaluated or
presented in relation to contamination at or from the site. DuPont states in its RI/RA report that
IRM does not support vegetation, and therefore is not a likely source of food for birds or
burrowing animals. However, since the time the RI/RA report was submitted, vegetation has
grown on the IRM, and therefore warrants consideration. It should be noted that this would not
be an issue under either remedial alternative.

DuPont Comment #12

Consistent with standard risk assessment protocols, a site conceptual model was used to
define all relevant COPCs, exposure pathways, and receptors. While the RI/RA process
prescribed by DNREC was followed, additional evaluations were performed to address all
key COPCs, including those generally classified as persistent and bioaccumulative.

At the time when the RI/RA report was submitted, the IRM did not support vegetation.
DuPont presumed that the remedy would be implemented in a relatively short period of time.
Voluntary vegetative growth has occurred within the last year. DuPont is currently working
with DNREC on an enhanced storm water and sediment erosion control plan, which will
include an appropriate temporary cover for the pile.
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As Schnabel stated, the presence of vegetation is not an issue under either remedial
alternative. DuPont agrees that “...the completion of the proposed remedy will
reduce/eliminate the direct contact route and therefore the data are sufficient.”

Schnabel Statement—Section 2.8, Ecological and Natural Resources Injury

The site, though not a robust wildlife habitat, does support a variety of wildlife. As noted
previously, several types of birds and mammals were observed on-site. Ecology and natural
resource injury was not discussed except in relation to the risk assessment, which concluded that
a capping system would eliminate or reduce direct exposure and off-site migration. This in turn
would minimize or eliminate ecological or natural resource injury...It should be noted that
during the site visit, we observed several erosion and surface maintenance issues which exposed
the IRM to the environment, and potentially the wildlife currently on and passing through the
site.

DuPont Comment #13

Ecological receptors were addressed consistent with DNREC requirements, and a natural
resource injury assessment is not part of the RI/RA process. At the time when the RI/RA
report was submitted, the IRM did not support vegetation. DuPont presumed that the remedy
would be implemented in a relatively short period of time. Voluntary vegetative growth has
occurred within the last year. However, DuPont agrees that the completion of the proposed
remedy will eliminate the exposure route.

After the pile was regraded in 2002, DuPont installed storm water and sediment erosion
controls in accordance with DNREC regulations. DuPont inspects these controls on a
monthly basis and maintains them as necessary. They continue to function successfully as
designed.

Schnabel Statement—Section 2.10, Conclusion

The multiple investigative reports performed on the Hay Road Sludge Drying Site did not
provide sufficient information and data to assess the site. Information was haphazardly extracted
from prior studies and reports and, because of this the relevant information was not always
effectively presented. Similarly, because information was extracted from multiple past reports,
the tables summarizing the chemical properties of various media appear to be thrown together in
an unorganized manner.

DuPont Comment #14

DuPont believes that the information and data presented in the RI/RA report and supporting
documentation (Table 2-1 of the Schnabel report) presents a clear picture of the nature and
extent of contamination at the site. The extent of information and data available for the site
is comparable and in compliance with the USEPA RI/FS process. Furthermore, DuPont
believes that these documents present a clear and scientifically valid evaluation of both the
potential transport and fate of certain chemicals present at the site and the potential risk these
chemicals present to human health and the environment. DuPont believes that the in-place
capping system remedy is the best remedy to protect human health and the environment.
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Schnabel Statement—Section 3.2.1.1: Section 2.1 — Introduction

Section 2.1 short circuits the remediation technology evaluation by suggesting that the iron rich
material (IRM) can only be treated by two approaches: Containment with institutional controls,
and source removal & disposal. No technical justification for this statement is provided in later
sections in the FFS.

DuPont Comment #15

DuPont performed an FFS and evaluated two remedial alternatives in detail in accordance
with the VCP Agreement scope of work (DNREC, 2002). As DNREC HSCA guidance
(1994) states, “Some facilities have contamination problems that point directly to a proven
remedial technology before the investigation even begins” (Section 5.2.4, pages 5 through
11).

Schnabel Statement—Section 3.2.1.2: Section 2.2 — ldentification of General Remedial Action
Alternatives

This section appears to conflict with Section 2.1 in that remedial alternatives beyond the two
"presumptive” remedies are presented. DuPont has not provided any technical documentation
from prior projects or the literature that the proposed alternatives technically apply to the
management of the IRM. As stated above, this list and the possible variations should be larger
(possibly closer to 10 candidate technologies/approaches).

DuPont Comment #16

DuPont believes the two presumptive remedies (cap-in-place and removal and disposal)
remain the most appropriate. These two technologies have been successfully implemented at
similar sites across the United States. In fact, the cap-in-place remedy has been successfully
implemented at several sites in Delaware (e.g., Fox Point Park, Joe White Ball Park, former
Lewes Boat Yard). The broad remedial action alternative categories were presented in the
FFS simply to show how the two presumptive remedies fit into the overall range of remedial
actions.

Schnabel Statement—Section 3.2.1.3: Section 2.3 — Identification of Screening of Process
Option Technology Types

The identification and screening of site management options for addressing the long term
disposition of the IRM are deficient. It is not clear: (1) which of the COC is driving remediation
decision making; (2) if there is a hierarchy between the compounds; and (3) what (numerical)
remedial targets are assigned for each COC.

DuPont Comment #17
The comments below are DuPont’s attempt to clarify the issues listed above.

1. Only COPCs that exceed the DNREC Uniform Risk-Based Remediation
Standards are required to be remediated to protect human health and the
environment. The FFS RAOs (Section 1.3) make it quite clear that iron,
manganese, HCB, and PCBs are the COPCs that require remediation. Those
COPCs are also listed in the DNREC Proposed Plan of Remedial Action dated
December 14, 2004 (DNREC, 2004a).
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2. All compounds that require remediation are considered equally, and the numerical
remediation targets are the DNREC Uniform Risk-Based Remediation Standards
for each compound.

3. Either proposed remedy (once completed) would reduce the public and
environmental exposure to below the Uniform Risk-Based Remediation Standards
or to the point where no environmental harm would result.

Schnabel Statement—Section 3.2.2.1: Section 3.1 — Detailed Analysis of Alternative 1

If the RFs routinely applied to strength and drainage applications produce FSs on the order of
10 to 20, then the generous FSs applied to GM should be at least of this magnitude or probably
higher.

DuPont Comment #18

The concept of RFs is to include into the measured test property of a material those
influences that are not included in the test protocol. A typical example is to include a RF for
long-term creep into the as-measured laboratory short-term test performance of a geotextile
or geogrid. For materials that are adequately simulated in the test protocol (e.g., steel,
concrete, soil, rock), RFs are not applied (or the RFs = 1.0 and thus have no effect) to the
as-measured test properties. The goal in these traditional construction materials is to
simulate their behavior in the laboratory test and then use a (global) factor-of-safety for
unforeseen considerations in both design and testing.

Geomembranes fall into this factor-of-safety category. The design should be constructed
such that tensile stresses, installation damage, and long-term damage do not occur on the
geomembrane by using proper construction quality control/construction quality assurance
procedures or by using appropriate protection materials (geotextiles or fine sand soils).
Lastly, long-term chemical effects are not a factor via the inherent inertness of HDPE. Thus,
all of the conventionally used RFs for geotextiles and geogrids are 1.0 for geomembranes,
and thus can be eliminated from consideration in the design/testing process (Koerner, 2007).

Schnabel Statement—Section 3.2.2.1: Section 3.1 — Detailed Analysis of Alternative 1

Peggs (2003) indicates that the maximum operational life of HDPE liners is on the order of
25 years.

DuPont Comment #19

The referenced paper by Peggs never states that the maximum operational life of HDPE
geomembrane liners is on the order of 25 years. Peggs states “...our practical experience
with HDPE geomembranes is limited to about 25 years.” In fact, Peggs claims that if high
quality geomembrane materials are used in conjunction with good design and quality
construction practices, then “an HDPE geomembrane in a MSW [municipal solid waste]
landfill should last for about 400 years.” The referenced paper by Peggs is provided in
Exhibit D.

Schnabel Statement—Section 3.2.2.2: Section 3.2 — Individual Analysis of Alternative 2

It is our opinion that the transportation risk associated with the removal of the IRM is a false
dilemma for four main reasons...We consider the inclusion of only one option deficient,
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especially as DuPont already transports the currently produced IRM by rail from the Edge Moor
facility.

DuPont Comment #20

DuPont disagrees with Schnabel’s opinion that there is any false dilemma. Risk assessments
are based on data, not conjecture. Risk assessment and risk management are separate
processes, with the former informing the latter. In this instance, evaluating transportation
risk associated with the source removal and disposal alternative, which is a valid
consideration for choosing among remedies, provides a result showing a higher risk than the
capping alternative. This is not an opinion but a reasoned estimate and helps inform the risk
management decision. The issues raised in the comments appear to be opinions, which in
some instances are irrelevant.

Further, while it might be Schnabel’s opinion that inclusion of “only one option” for off-site
transport is deficient, it must be recognized that this evaluation was performed under an
appropriately approved FFS. As correctly noted in the Schnabel report, “A focused
feasibility study considering a limited number of remedial alternatives or the use of a
presumptive remedy may be used in lieu of a normal feasibility study with the prior approval
of the Department (DNREC).” Hence, there is no need for a wide range of options. To be
clear, the FFS evaluated several options to meet the RAOs (summarized in Table 1.2 of the
FFS report). Two remedial alternatives received detailed evaluation because the site has a
presumptive remedy in the RAOs. The detailed analysis will evaluate those alternatives
against 10 criteria specified in the DNREC HSCA regulations:

[_Protection of health, welfare, and environment
[—_1Compliance with laws and regulations

[ Community acceptance

[_Compliance monitoring requirements
[_Permanence

[Practicability

[Restoration time frame

[_Reduction of contamination

[1ong-term effectiveness

[ Short-term effectiveness

While both alternatives would meet the 10 criteria, the recommended remedial action
alternative consisting of a multi-layer geosynthetic capping system was favored because of
the lower risk associated with implementing the remedy. While transportation risk was a key
factor in this decision, timing is another important consideration. Based on the current
capacity to incinerate K178 waste, it is likely that it would take significantly longer (years) to
remove the material versus capping the material (months).

The Schnabel Report suggests using rail as an alternate to trucking the material. Based on the
statistics published by the Federal Railroad Administration (USDOT, 2007), DuPont found
that transportation risk via rail versus truck transport is not significantly different. It should
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be noted that this calculation (see Exhibit E) only considered the transport of materials to an
incinerator—not getting the material to the rail line. Hence, DuPont maintains that using rail
as an alternate does not materially change the risk management decision.

Schnabel Statement—Section 3.2.3: Concluding Remarks and Recommendations — Remedial
Alternative Screening Process

As discussed above, it is our opinion that the initial remedial alternative screening process did
not consider a broad range of available remedial technologies, which had they been
incorporated into the process may have passed the screening process. The choice of a
“presumptive remedy(ies)” resulted in two extreme choices. Additionally, risks were
incorporated and evaluated in the screening process that: (1) have previously been accepted by
DuPont in its regular operations, and (2) are not normally used in risk assessments.

DuPont Comment #21

DuPont performed an FFS and evaluated two remedial alternatives in detail in accordance
with the VCP Agreement scope of work (DNREC, 2002). DNREC approved the FFS
approach in the VCP Agreement scope of work (DNREC, 2002). Most regulatory agencies
in the United States accept a presumptive remedy approach in an effort to implement site
cleanup faster. Generally, two technologies emerge as possible remedies: removal of the
waste pile from the site or capping of the waste pile in-place. Should groundwater pollution
be a problem based on future monitoring, then remedial technologies to address groundwater
impacts would be considered. The technologies listed by Schnabel on page 9 of their report
(pump and treat, funnel and gate, and permeable reactive barriers) are used as part of a
groundwater remediation effort. The remaining containment technologies mentioned (slurry
walls, HDPE cut-off walls, and grout curtains) are also only used to remediate groundwater.
The groundwater at the site does not require remediation as it is in a GMZ and not used for
potable use; therefore, these technologies were not considered. This GMZ was established
by DNREC for the City of Wilmington in 2001.

Schnabel mentions a S/S technology on page 9. Because the IRM was produced by a S/S
process, it was already stabilized (i.e., complexed with lime) and solidified (i.e., frame filter
press). “Source removal and recycling of the IRM for mineral recovery” is similar in cost to
the removal option and also complicated by federal regulatory restrictions on handling the
material.

Relative to operational issues, DuPont must transport the currently generated IRM out of
business necessity and accepts the associated risks accordingly because there is no other
transport option. Relative to remediation issues, DuPont has the option of determining a
remedy based on relative risk. The cap-in-place remedy minimizes the risks associated with
transportation.

Schnabel Statement—Section 3.2.3: Concluding Remarks and Recommendations —
Screened/Selected Remedial Alternatives

The useful life of the capping alternative has not been properly or rigorously established.
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DuPont Comment #22

Schnabel’s conclusion that Peggs (2003) indicates that the maximum operational life of
HDPE geomembranes is on the order of 25 years is incorrect. In fact, the Peggs paper never
makes this statement. Peggs does, however, state that “our practical experience with HDPE
geomembranes is limited to about 25 years.” Peggs further states that if high quality
materials are used in conjunction with good design and quality construction practices, then
“an HDPE geomembrane in a MSW [municipal solid waste] landfill should last for about
400 years.”

Geomembranes have been used as lining materials (e.g., caps and base liners) for about

30 years. During this time, “adequate performance has been demonstrated” (Peggs, 2003).
Because the track record of geomembranes is only a few decades, the question of useful
lifetime is often asked. To estimate the durability and aging of geomembranes, accelerated
laboratory testing and modeling are used. These methods use elevated temperatures, elevated
stresses, and/or aggressive liquids (i.e., leachate) to accelerate the geomembrane aging
process. The Geosynthetic Research Institute and others have conducted extensive research
on the lifetime prediction of HDPE geomembranes since the 1980s. They have concluded
that HDPE geomembranes have extremely long service lifetimes (i.e., hundreds of years
when buried) if good quality materials are used and installed properly (i.e., without damage).

Note that the Geosynthetic Research Institute uses the same laboratory testing and modeling
procedures as the entire plastics industry for their geomembrane lifetime prediction work.
The plastics industry has a longer track record than the geomembrane industry. For example,
the cable shielding industry and the plastic gas pipe industry have been using plastic for more
than 50 and 40 years, respectively. The Geosynthetic Research Institute uses the same
lifetime prediction procedures for geomembranes as these two major industries.

The geosynthetics industry agrees that geomembrane materials will last a long time and that
the most critical element in providing a capping system with a long service life is protecting
the geomembrane during installation. Succeeding in protecting the geomembrane during
installation involves appropriate engineering design, quality construction practices, and
construction quality assurance procedures (i.e., inspection and testing during and after
installation).

DuPont plans to prepare a quality engineered design, specify quality construction practices,
and use construction quality assurance and construction quality control during the
implementation of the DNREC-approved remedy.

Schnabel Statement—Section 3.2.3: Concluding Remarks and Recommendations —
Screened/Selected Remedial Alternatives

The offsite disposal alternative evaluation was not conducted in sufficient detail to accurately
quantify the costs and risks.

DuPont Comment #23

The document entitled Remedy Implementation Risk Evaluation — DuPont Cherry Island
Facility was a separate, comprehensive evaluation of the risks associated with implementing
the off-site disposal alternative (ENVIRON, 2002). DuPont updated this document in

April 2005 per DNREC’s request (DuPont, 2005). The updated document considered more
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details than the typical risk evaluation provided within an FFS document (e.g., dust emission
modeling, air concentration estimation and evaluation, estimated manpower requirements for
remedy implementation, materials routing and travel distances for remedy implementation,
estimation of on-site worker injuries and fatalities, and estimation of off-site
transportation-related injuries and fatalities).

The cost estimates for implementation provided in Table 3 (capping remedy) and Table 4
(off-site remedy) of the FFS are of sufficient detail to allow relative determination of the cost
of the two alternatives. The overall cost of the off-site disposal alternative remains orders of
magnitude greater than the capping alternative.

Schnabel Statement—Section 3.3.1: General Comments

A focused feasibility study considering a limited number of remedial alternatives or the use of a
presumptive remedy may be used in lieu of a normal feasibility study with the prior approval of
the Department (DNREC). After a review of the in-hand and public record documents, it does
not appear that prior approval for DuPont to perform a focused feasibility study was applied for
or granted in any formal document.

DuPont Comment #24

DuPont performed an FFS and evaluated two remedial alternatives in detail in accordance
with the VCP Agreement scope of work (DNREC, 2002).

Schnabel Statement—Section 3.3.1: General Comments

The FFS submitted by CRG referenced an out-of-date revision of the Delaware HSCA Guidance
Manual. The study referenced a 1991 revision versus the latest and correct revision of October
1994 as outlined in the VCP Agreement. Through our correspondence with DNREC, it was
established that no 1991 revision exists; therefore, the mistake is believed to be an error carried
throughout the document.

DuPont Comment #25

DuPont did reference an out-of date revision of the Delaware HSCA guidance manual;
however, the differences between the two guidance documents were subtle and would not
have produced different conclusions in the FFS. DuPont has a copy of the 1991 HSCA
guidance; it is labeled as “interim” and dated September 1, 1991. DuPont agrees with
Schnabel that the 1994 is the more current guidance document.

Schnabel Statement—Section 3.3.2.2.2: Section 2.2 — Identification of General Remedial
Response Actions

Although outside the scope of this task, another issue concerns the lack of numeric values for the
quantitative RAO. Objectives 2 and 4, referencing Section 1.3.2 Quantitative Remedial Action
Objectives, are more qualitative than quantitative. The assignment of finite qualitative goals for
the cleanup effort may not be sufficient in order to adequately assess cleanup goals and
standards. It is our opinion that the RAO should be reassessed to provide distinct quantitative
goals.
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DuPont Comment #26

The DNREC Proposed Plan of Remedial Action dated December 14, 2004, presents the final
RAOs (DNREC, 2004). Three of the five quantitative RAOs have numerical values
associated with them. The other two RAQOs concern deed restrictions and storm water
management to prevent exposure of DM. DuPont believes that these five quantitative RAOs
that DNREC approved are sufficient to adequately assess cleanup goals and standards.

Schnabel Statement—Section 3.3.2.2.2: Section 2.2 — Identification of General Remedial
Response Actions

Paragraph six of Section 2.3 of the FFS describes the use of a presumptive remedy established in
the RAQ, thereby limiting the remedial alternatives reviewed to two. A summary analysis of
these two remedies as well as Institutional/Engineering Controls is claimed to be provided in
Table 3 of the FFS. This table, assumed to mirror Table 5-3 of the Guidance Manual, is not
apparently included in the FFS. Table 3 of the FFS is actually a cost analysis of remedial
Alternative 1 referenced in paragraph seven. DuPont should provide this table and associated
tables.

DuPont Comment #27

The statement is correct that a table similar to Table 5-3 of the guidance manual was not
provided in the FFS report. However, its absence does not affect the conclusions of the FFS
report. According to the guidance manual, the purpose of the table is to summarize the
screening process of the two presumptive remedies. DuPont believes that the detailed written
analysis of each of the two remedies provided in Section 3.0 of the FFS report sufficiently
discusses each remedy (DuPont, 2004b).

Schnabel Statement—Section 3.3.2.2.4: Section 2.4 — Development of Remedial Alternatives

It is our opinion that Section 2.4 of the FFS is deficient. The requirements’ intended purpose,
once the alternatives are identified, is to provide a detailed development of these alternatives to
aid in the subsequent screening and evaluation of these alternatives...The FFS limits the use of
this section to a brief introduction of the two selected remedial alternatives. Partial descriptions
of the selected alternatives are included in Sections 3.1.1 and 3.2.1, but not to the extent
recommended by the Guidance Manual.

DuPont Comment #28

Because it is a presumptive remedy (per DNREC 1994 HSCA Guidance Section 5.2.4), an
extensive development of remedial alternatives is not required. The FFS proceeded directly
to a detailed analysis of the alternatives.

Schnabel Statement—Section 3.3.2.3: Section 3.0 — Detailed Analysis of Alternative

The objective of this section is to present the relative advantages and disadvantages of the
selected alternatives. This is completed by using the alternatives against ten criteria DNREC
uses to select a preferred alternative...However, a comparison of the alternatives for each
criterion was not documented within the FFS.
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DuPont Comment #29

Sections 3.1 (“Detailed Analysis of Alternative 1 — Capping and Institutional/Engineering
Controls”) and 3.2 (“Individual Analysis of Alternative 2 — Source Removal and Disposal) of
the FFS report provide a separate comparison of each alternative to the 10 DNREC criteria
(DuPont, 2004b). A separate comparison of each alternative was thought to be less
confusing to the reader of the FFS report.

Schnabel Statement— Section 3.3.2.3.1: Section 3.1 — Detailed Analysis of Alternative 1 —
Capping and Institutional/Engineering Controls

[_Compliance with laws and regulations: Insufficient information is provided in this
section. The RCRA Subtitle C, Hazardous Waste Regulations referenced would not
be the only regulations or permits required under this remedial alternative.

DuPont Comment #30

For the cap-in-place alternative, the FFS appropriately identified RCRA
Subtitle C as the major regulatory reference for this remedial alternative. Other
permits needed to construct this remedy include a City of Wilmington Building
Permit and a Sediment and Stormwater Permit. DuPont would apply for and
follow the requirements of all permits and regulations that are applicable to the
construction of this remedy.

[ Community acceptance: The information for this section was not attainable at the
time the report was filed; therefore, it should be considered now.

DuPont Comment #31

Public hearings and meetings (as well as this public comment period) allow the
community to communicate directly with DNREC their acceptance, questions,
or concerns about the proposed remedies. DuPont has provided the public with
as much information as possible about the cap-in-place alternative and is
looking forward to continuing with communications efforts.

[ Remediation monitoring: ...No mention of inspection methods or frequencies is
addressed other than the ground water sampling requirements referencing
Section 1.3.2. The Guidance Manual suggests considering the consequences of a
failed remedy in this section; however, this was not evaluated.

DuPont Comment #32

For the cap-in-place alternative, an operation and maintenance plan (required by
DNREC as part of the remedial design) would be developed and would discuss
inspection methods and frequencies.

[—Permanence: ... This section discusses the permanence of the cap, but fails to
address the multiple media or relationship to the COC.

DuPont Comment #33

With a cap-in-place remedy, all of the waste material (including the COPCs that
exceed the DNREC Uniform Risk-Based Remediation Standards) would remain
in-place and would not receive additional treatment beyond the stabilization that
had already been performed prior to depositing the IRM at the Hay Road site.
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[_Restoration time frame: A sufficient implementation schedule for this remedial
alternative was not presented.

DuPont Comment #34

Once construction begins, a time frame of six months for implementation of the
capping alternative was provided (Section 3.1.8, page 14; DuPont, 2004b). The
remedial design report is the appropriate document to present a detailed
construction schedule.

[Long-term effectiveness: This section discusses the contamination remaining on site
and the associated risk, and the permanence of the cap, but fails to address the
multiple media or relationship to the COC... it fails to address the difficulties
associated with this long-term operation and maintenance program, the potential for
the remedy’s failure, and the associated risks.

DuPont Comment #35

With a cap-in-place remedy, all of the waste material (including the COPCs that
exceed the DNREC Uniform Risk-Based Remediation Standards) would remain
in-place, would be covered, and would not receive additional treatment beyond
the stabilization that had already been completed. The potential difficulties
associated with the long-term operation and maintenance of the remedy would
be addressed through monthly site inspections. Issues to be observed and
addressed would include localized settlement, vegetation establishment, and
storm water and sediment erosion controls. DuPont would verify the long-term
effectiveness of the cap-in-place alternative through a groundwater monitoring
program. These items would be addressed in a postclosure monitoring program.

[_Bhort-term effectiveness: ... it fails to discuss the ease or availability of mitigation
measures.

DuPont Comment #36

Mitigation measures (e.g., storm water and sediment erosion controls) for the
cap-in-place alternative are typically addressed in a remedial design report, not
in an FFS report.

[ICost: There is no guidance provided for the assessment of the capital and operation
maintenance cost effectiveness.

DuPont Comment #37
For the cap-in-place alternative, the cost estimates were developed by DuPont

and URS Corporation based on over 20 years of experience in remediation
projects.

Schnabel Statement—Section 3.3.2.3.2: Section 3.2 — Detailed Analysis of Alternative 2 —
Source Removal and Disposal

[ Community acceptance: The information for this section was not attainable at the
time the report was filed; therefore, it should be considered now.
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DuPont Comment #38

Public hearings and meetings (as well as this public comment period) allow the
community to communicate directly with DNREC their acceptance, questions,
or concerns about the proposed remedies. DuPont has provided the public with
as much information as possible about the source removal and disposal
alternative and will continue with communications efforts.

[ Permanence: This section sufficiently describes the permanence of the remedy. It
does not however discuss the residual contamination after the IRM has been
removed.

DuPont Comment #39

The presence of DM at the site (and at all DM disposal sites) along the
Delaware River would remain a concern after removal of the IRM under this
possible remedial alternative. Because the iron and manganese levels in the
DM are above DNREC Uniform Risk-Based Remediation Standards, a cover of
imported soil would be placed over the DM.

[_irechnical practicability: The technical practicability has not in our opinion been
sufficiently evaluated.

DuPont Comment #40

As DuPont states on page 16, Section 3.2.7 of the FFS report “The excavation,
transportation and disposal technologies involved in implementation of this
remedy are all conventional in the sense they are frequently used at
contaminated sites” (DuPont, 2004b). DuPont is unclear what parameters need
to be evaluated to determine the technical practicability of excavating,
transporting, and disposing of the material off-site.

[Restoration time frame: A sufficient implementation schedule for this remedial
alternative was not presented.

DuPont Comment #41

A time frame of 12 months to implement the source removal and disposal
alternative was provided in Section 3.2.8 on page 16 of the FFS report (DuPont,
2004b). Given the potential challenges with identifying appropriate treatment
capacity (incineration) for the IRM, the actual implementation time would be
several years. The remedial design report is the appropriate document to
present a detailed construction schedule.

[ Long-term effectiveness: The long-term effectiveness of the remedy is not sufficiently
addressed.

DuPont Comment #42

DuPont believes the statement made in Section 3.2.10 (page 16) of the FFS
report sufficiently addresses the long-term effectiveness of the source removal
and disposal alternative: “Because this alternative completely removes the IRM,
the source no longer exists. Therefore, this option is effective for the
long-term” (DuPont, 2004b).
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[ ICost: There is no guidance provided for the assessment of the capital and operation
maintenance cost effectiveness.

DuPont Comment #43

For the source removal and disposal alternative, the cost estimates were
developed by DuPont and URS Corporation based on over 20 years of
experience in remediation projects.

Schnabel Statement—Section 3.3.2.4: Section 4.0 — Recommendation of Preferred Alternative

DNREC does not provide guidance for the selection of the preferred alternative remedy other
than the selection criteria above. Documentation of the comparative analysis process should be
provided...This section’s only reference to a comparison made between the two alternatives is a
cost-effectiveness decision. It is our opinion that a full evaluation of criteria should be assessed
and presented.

DuPont Comment #44

DuPont believes that the discussion of the criteria provided in the FFS report provides
sufficient evaluation and explanation to allow DNREC to render an informed decision as to
the most appropriate remedial action for the site. In fact, DNREC reviewed the FFS against
its own regulations and approved the FFS on June 23, 2004 (DNREC, 2004b).

Schnabel Statement—Section 2.3: Hydrogeology
The presented hydrogeology information is deficient to sufficiently characterize the conditions.

DuPont Comment #45

DuPont believes that it has developed an adequate understanding of potential contaminant
migration in the groundwater flow regime beneath the site, including the interaction of that
groundwater with the surface water bodies, for the purposes of remedy selection.

Extensive geotechnical investigations have been conducted at the site, including multiple
studies in the early 1970s, Cell 2 investigations (1977), Cell 3 investigations (1978 through
1979), Cell 4 investigation (1990), landfill closure investigation (1992), and the pre-design
investigation (2000). Exhibit A illustrates the numerous soil borings, test pits, wells, and
piezometers that have been employed to understand the site subsurface. DuPont is aware that
heterogeneities may influence the bulk permeability of a unit. However, sand beds or
laminations within the DM were thin and not laterally correlative, indicating that they are
likely discontinuous lenses rather than extensive flow pathways.

As Schnabel states, permeability/hydraulic conductivity data are available for several
locations west of the IRM storage pile at various depths. Boring logs are also available for
locations across the site, both in the areas where the permeability data were collected and
under the IRM pile (see Exhibit A). The logs of the 14 borings within or on the margin of
the footprint of the IRM pile indicate that the materials beneath the pile are comparable to
those used for the permeability analyses. The hydraulic conductivity value of

4.6 x 10 cm/sec cited by Schnabel was obtained from the Shallow Sand unit in the western
portion of the site, not from the DM that underlies the IRM storage area. The highest vertical
hydraulic conductivity measured on any of the DM at the site was 1.1 x 10 cm/sec.
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Schnabel Statement—Section 2.3: Hydrogeology

Section 2.3 does not present the advection-diffusion-reaction equation (ADRE) for solute
transport. Accordingly, the “ground water”” movement does not properly account for the
(additional) diffusive transport which is an important component of solute transport in fine-
grained media such as IRM and DM.

DuPont Comment #46

Section 2.3 of the RI/RA report (“Hydrogeology”) describes the hydrogeological framework
of the groundwater movement, and, as such, presents the appropriate equation for
determining the average linear velocity of groundwater flow (DuPont, 2004a). Solute
transport is addressed in Section 4.1.4 of the RI/RA report, under the subheading of
“Groundwater-Surface Water Discharges” (DuPont, 2004a).

The AT123D model discussed in Section 4.1.4 addresses the components of the ADRE by
accounting for advection, dispersion, and adsorption (ENVIRON, 2003). Although the
AT123D model is able to account for contaminant degradation, DuPont made the very
conservative assumption that no degradation will occur (ENVIRON, 2003).

Schnabel Statement—Section 2.3: Hydrogeology

Importantly, as presented in DuPont’s documents, there are areas to the west of the IRM pile
where hydraulic conductivity of the dredged material is on the order of 1 x 10 cm/sec (see
DuPont’s June 9, 2000, Proposal for Remedial Action). Although, hydraulic conductivity data
are not available for the dredged material underneath the IRM pile, presence of sand lenses
observed during the previous drilling in the area, and practical experience suggests that higher
hydraulic conductivities are also expected within the footprint of the IRM pile. Using a hydraulic
conductivity of 1 x 10 cm/sec, ground water seepage velocities are approximately four orders-
of-magnitude higher than that those calculated by DuPont’s consultant; correspondingly,
chemical transport would be similarly accelerated.

DuPont Comment #47

The RI/RA report presented hydraulic conductivity data obtained from Shelby tubes
collected from the DM in the landfill area (DuPont, 2004a). Although these locations were
not within the footprint of the proposed remedy, DuPont believes they are representative of
the DM beneath the IRM based upon similarity in lithology reported on boring logs.
Additional information is provided in Exhibit A.

Schnabel Statement—Section 5.1.2: Section 2.7 — Ecology

The sensitive ecological receptors as presented by DuPont’s consultant are deficient to
sufficiently characterize the ecological risk from the IRM pile. For example, during a site
reconnaissance visit conducted by staff from LRM, Schnabel, DuPont, and DNREC in July 2006,
substantial vegetative growth was noted on the IRM which serves as a source of food for wildlife.
Correspondingly, avian species and terrestrial wildlife, including a red fox, were observed
foraging on the IRM pile. DuPont should necessarily include a formal habitat study and, if
applicable, include an assessment of potential exposure to endangered and/or special-status
species relevant to the region.
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DuPont Comment #48

As correctly noted, the IRM storage area is not a “robust wildlife habitat.” Consistent with
standard risk assessment protocols, a site conceptual model was used to define all relevant
COPCs, exposure pathways, and receptors. DuPont agrees with Schnabel’s conclusion
earlier in Section 2.5.1 that “... the completion of the proposed remedy will reduce/eliminate
the direct contact route, and therefore the data are sufficient,” and reiterated in Section 2.6.4:
“this would not be an issue under either remediation option.”

DuPont disagrees with the need for a more detailed habitat study for the purposes of the
remedial investigation because such an exercise will not change the risk management
decision.

Schnabel Statement—Section 5.1.3: Section 3.1.1 — Iron Rich

As discussed elsewhere, DuPont and DuPont’s consultant Environ appear to have not used or
cited the correct property data for hexachlorobenzene (HCB) and other compounds in their
evaluations and assessments. A frequently used source for chemical property data is
USEPA/600/8-90/003 which indicates that the solubility limit of HCB is 6 x 10” mg/L and the
octanol-water partitioning coefficient OW is 1.75 x 10°. The values provided by Verschveven
(1988) are in general agreement with these values...

DuPont Comment #49

The solubility value for HCB given in the Schnabel Report is identical to that given in the
cited reference, the USEPA Soil Screening Guidance (Attachment C, page C-3; USEPA,
1996). Given the discrepancy between the values reported in different USEPA documents,
the solubility value may be incorrect. However, because the acceptable levels for HCB
(based on screening) remain larger than the smaller solubility of 6.2 pug/L given, the
conclusions of the analysis (i.e., the presence of this compound in the leachate will not result
in any exceedance of risk-based surface water criteria) would not change.

Schnabel Statement—Section 5.1.3: Section 3.1.1 — Iron Rich

Table 5-2 indicates that given the soil concentrations of HCB detected in the IRM, free (pure)
product of HCB ranging between approximately 10 and 90 liters/m® of IRM is predicted. The main
conclusion to be drawn from this simulation is that significant quantities of HCB exist in the IRM,
and the soil concentrations point to the presence of free product...Table 5-2 repeats the same
general calculation, but is based on the HCB soil concentrations in the dredged material
(DM)...NAPL is again predicted to occur for the same range of porosities simulated...It is
therefore incumbent on DuPont to better characterize the IRM and the DM underlying the
stockpile and DuPont IRM site to provide more definitive information regarding the potential
presence of DNAPL.

DuPont Comment #50

DuPont assumes that the first reference to Table 5-2 above actually refers to Table 5-1. This
assumption is based on the table title and content.

Schnabel draws their conclusions based on estimates of the volume of pure phase HCB in
soil (IRM or DM), which was calculated using the measured HCB concentrations and an
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analytical model of HCB partitioning in soil. While the concept of chemical partitioning
between constituents in the pure phase, water phase, sorbed phase, and vapor phase that
Schnabel refers to is valid, they did not provide the corresponding equations used to arrive at
their estimates, and the estimates and conclusions are incorrect. The calculations and
discussion presented in Exhibit F clearly indicate the following:

[HCB is not present in the soil (IRM or DM) in significant amounts as a separate pure
phase, either as a DNAPL or as a solid organic compound. Using the same basic
assumptions, the estimates presented by Schnabel have been found to be
overestimated by a factor of at least 1,000 apparently due to a unit conversion error.
Based on the conservative assumption that all measured HCB was present as a pure
phase, calculations show there would only be 0.010 to 0.090 liters (2 to 18
teaspoons) in 1 cubic meter of IRM.

[_Even ignoring adsorption, downward migration of HCB has not and will not occur
because any pure phase HCB would be present as a solid that cannot migrate. The
melting point of HCB is 231°C (http://www.atsdr.cdc.gov/toxprofiles/tp90.html);
therefore, at normal temperatures, any pure phase HCB would be present as a solid.

[JAny HCB present in IRM is strongly adsorbed to the carbonaceous IRM due to
HCB’s very high organic carbon partition coefficient. Results of past TCLP analysis
of IRM for HCB support ATSDR’s statement that HCB is “generally considered
immobile with respect to leaching” (http://www.atsdr.cdc.gov/toxprofiles/tp90.html).

Based on the facts above, further characterization of the IRM and DM for the potential
presence of DNAPL is not warranted.

Schnabel Statement—Section 5.1.4.1: Potential Pathways of Exposure

The pathways of exposure identified by DuPont for the IRM staging area pile are deficient.
DuPont ignored potential onsite ecological receptors (see above - avian and terrestrial wildlife
were observed to be foraging on the IRM during a recent site visit) that may be exposed to the
existing vegetation on the IRM pile for the direct exposure pathway. Exposure to chemicals from
windblown deposition of particulates from the IRM pile to potential downwind offsite receptors
has not been considered in the RA. Both of these pathways should be included in the revised risk
assessments.

DuPont Comment #51

DuPont disagrees with these statements. As noted in the Schnabel Report, “The exposure
pathways that were considered in DuPont’s RI/RA report include: direct contact, air/wind
dispersion, ground water, and surface water.”

Consistent with standard risk assessment protocols, a site conceptual model was used to
define all relevant COPCs, exposure pathways, and receptors. At the time when the RI/RA
report was submitted, the IRM did not support vegetation. DuPont presumed that the remedy
would be implemented in a relatively short period of time. Voluntary vegetative growth has
occurred within the last year. DuPont is currently working with DNREC on an enhanced
storm water and sediment erosion control plan, which will include an appropriate temporary
cover for the pile. As correctly noted, the IRM storage area is not a “robust wildlife habitat.”
DuPont agrees with Schnabel’s conclusion earlier in Section 2.5.1 that “...the completion of
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the proposed remedy will reduce/eliminate the direct contact route, and therefore the data are
sufficient,” and reiterated in Section 2.6.4: “this would not be an issue under either
remediation option.”

For the air medium, the Schnabel Report states in Section 2.5.2 that “It is our opinion that the

information presented within the submittals is sufficient.” Furthermore, page 9 of
Appendix A of the Schnabel Report states: “The risk assessment was conducted consistent
with DNREC’s Remediation Standard Guidance Document Under the Delaware Hazardous
Substance Cleanup Act, dated December 1999 (DNREC, 1999). Based on existing and
intended land use at the site, the risk assessment was conducted to estimate total cumulative
risk of exposure to COPCs from affected media (IRM and dredged material) for on-site
industrial workers and was conducted in accordance with the DNREC guidance.”

While evaluation of wind-blown material is not part of the DNREC requirements for the risk
assessment and was not considered complete because of the protective cover, this pathway
was extensively evaluated as follows:

Title

Brief Description

Summary/Conclusion

Cherry Island Staging Area
Potential Historic Release
Assessment, DuPont,

Nov 2001, Sept 2002,

Dec 2003

This report was developed as a refined
evaluation of the screening level
assessment of the uncovered pile
provided in April 2001.

Surface runoff and air deposition were
modeled under reasonable worst case
and maximum worst case conditions.

Estimates of WHO-TEQ for dioxins,
furans, and coplanar PCBs that might
result in the Delaware River and
Shellpot Creek were derived.

A screening level risk evaluation via
fish consumption was performed.

Preliminary evaluation results of this refined
assessment were shared with Rick Greene
(DNREC on 8/28/01) and his comments
and suggestions were incorporated.

Estimated concentrations in the adjacent
water bodies resulting from the uncovered
pile were not above the ambient water
quality criteria.

Cumulative risks were calculated to be
approximately an order of magnitude below
de minimus level (i.e., 2.0 x 107 vs. 1.0 x
10° risk) for the reasonable worst case and
well within the acceptable risk range of 10
to 10° and only marginally above the

de minimus level (i.e., 1.8 x 10° vs. 1.0 x
10'6) for the maximum worst case.

Further, when the maximum calculated
LADD for dioxin-like materials as WHO-
TEQ (1.8 x 10"** mg/kg-day) from these
computations is compared to background
levels (0.59 x 10 mg/kg-day) of dioxin as
WHO-TEQ, the estimated doses are
expected to contribute less than 1% to
background (0.30%). As such, the potential
contribution of past activities is not
considered significant.

Remedy Implementation
Risk Evaluation, DuPont
Cherry Island Facility,
ENVIRON, April 2002, April
2005

Comparative risk of capping versus
excavation (and off-site disposal or
incineration) during remedy
implementation was performed.

Updated report includes hypothetical
worst case off-site community
exposures, construction risk, and

The calculated lifetime cancer risk and
chronic noncancer HI values for
hypothetical off-site exposures are both
approximately 50-fold higher under the
excavation alternative than under the
capping remedy. The calculated subchronic
HI for the excavation alternative is
approximately 20-fold higher than the
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| transportation risk. | capping remedy.

Schnabel Statement—Section 5.1.4.2: Ground Water Surface Water Discharges

DuPont’s consultant has ignored the potential presence of sand lenses in the dredged material
and applied arbitrary dilution factors (to simulate mixing of ground water with the surface
water). These arbitrary and incorrect assumptions have resulted in increasing chemical cleanup
levels for both the IRM and the dredged material; DNREC should reject these assumptions and
the cleanup levels should be accordingly recalculated by DuPont’s consultant.

DuPont Comment #52

Logs are available for 14 previous (historical) borings located within or on the margin of the
footprint of the IRM pile [DB-2A, TB-30 (well 30), TB-105, TB-106, TB-107, TB-108,
W-29, W-32, W-33, W-37, W-40, W-46, W-47, and W-48]. The logs for all of these borings
(see Exhibit A) indicate silty-clay/clayey-silt from the surface to a depth of 13 to 22 feet bgs.
Although some of these logs note the presence of sand lenses within the DM, in nearly all
cases, the depth to the shallowest sand lens is greater than 10 feet, and there is no indication
that any sand lenses are continuous or interconnected.

The selection and derivation of dilution factors referred to as “arbitrary” are detailed in
Section 4.1.4 of the RI/RA report (DuPont, 2004a), as well as the ENVIRON (2003) report.
The attenuation factor AF2 was used to address the mixing of groundwater with surface
water and was estimated as the ratio of surface water flow to groundwater flow for evaluating
protection of human health. In evaluating aquatic species, AF2 was conservatively set at 10
to account for the possibility that some species (e.g., benthic organisms) may be exposed
after only limited mixing of groundwater and surface water occurs (see an additional
explanation in DuPont Comment #53b).

ENVIRON acknowledged the importance of conductivity, stating “horizontal hydraulic
conductivity in the saturated zone is a key parameter in the groundwater modeling.”
However, given the conservative assumptions used in the modeling, variations in hydraulic
conductivity over the observed range of 107 to 10® cm/sec would not change the conclusions
of the risk assessment.

Schnabel Statement—Section 5.1.4.2: Ground Water Surface Water Discharges

Additional specific comments are included in Appendix A. They should be addressed by DuPont,
and the risk assessments should be revised accordingly.

DuPont Comments #53a and #53b
Appendix A comments are listed below after the Schnabel statement.

Potential Ecological Hazards From COCs Contained in the IRM Pile, Appendix A, p. 19
In the RI/RA, a value of 1.7E-05 cm/sec was used as the hydraulic conductivity of the shallow
groundwater zone within the dredged material. A wider range of values (4.3E-6 cm/sec to
4.6E-02 cm/sec) is reported in soil borings/wells to the west of the IRM pile. DuPont should
collect additional data underneath or in the immediate vicinity of the IRM pile.
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DuPont Comment #53a

DM beneath the site was hydraulically placed, allowing fine-grained material to
achieve low permeability after dewatering (DuPont, 2004a). To estimate the
horizontal hydraulic conductivity, 1.7x10™ cm/sec was selected assuming a horizontal
to vertical anisotropy ratio of 10:1 for the DM. This anisotropy ratio ranges from
conservative to typical for layered formations (Freeze and Cherry, 1979). ENVIRON
acknowledged the importance of conductivity in its report, stating “horizontal
hydraulic conductivity in the saturated zone is a key parameter in the groundwater
modeling.” However, given the conservative assumptions used in the modeling,
variations in hydraulic conductivity over the observed range of 10" to 10” cm/sec
would not change the conclusions of the risk assessment. Additional information is
provided in Exhibit A.

Potential Ecological Hazards From COCs Contained in the IRM Pile, Appendix A, p. 19
Attenuation factors (AF2) used to simulate the dilution of groundwater in the surface water is
inconsistent with the approach typically recommended by agencies.

DuPont Comment #53b

Schnabel recommends that “estimated concentrations in groundwater for each COPC
at the point of groundwater discharge to surface water are directly (i.e., without
dilution) compared to applicable water quality data. Use of arbitrary dilution factors
without appropriate references and/or justification is considered inappropriate.”

The dilution factors presented in the report are not “arbitrary” as suggested by
Schnabel. In evaluating human exposures though fish consumption, it would be
unrealistic to assume that fish will be continuously exposed throughout their lives to
impacted groundwater without any dilution by surface water. Because the majority of
edible fish are expected to spend most of their lives in the Delaware River rather than
Shellpot Creek, they would be exposed most of the time to highly diluted
groundwater. The AF2 values for human exposures were based on mass balance,
which has been extensively used to estimate the effect of mixing on discharges. The
choice of flow rate for the Delaware River, as stated in the ENVIRON report, is
“consistent with the basis for ambient quality criteria developed by DRBC (1995).”
This mixing method has also been used to evaluate the impacts of contaminated
groundwater discharges from the Potts Property Site to the Christina River, one mile
south of the IRM site (http://www.dnrec.state.de.us/DNREC2000/Divisions/
AWM/SIRB/Misc/Attachment%20Potts%20Property.pdf). DNREC has previously
accepted this method (DNREC, 2000).

The AF2 value of 10 used to assess ecological exposures is consistent with the
approach used by the USEPA for evaluating discharge of contaminated groundwater
into surface water under the RCRA Corrective Action Environmental Indicators
program. This more conservative AF2 was used because certain aquatic species (e.g.,
benthic organisms) may be exposed to COPCs in sediment pore water in the area of
groundwater discharge before additional mixing has occurred.
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As noted in the report, this AF2 value is considered conservative because tidal mixing
will reduce the concentration of COPCs in groundwater before it discharges to the
surface water.

Schnabel Statement—Section 5.1.5.1: Cleanup Standard Option for Human Health

Average total TEQ levels in terms of 2,3,7,8-TCDD are 1,016 parts per trillion (ppt), which
exceed DNREC's 2,3,7,8-TCDD threshold of 40 ppt. DNREC currently does not have a TEQ
action level for dioxin and dioxin-like compounds, and may follow Region Il EPA guidance (fax
correspondence from DNREC, dated December 13, 2006). In a 1998 document (Office of Solid
Waste and Emergency Response (OSWER) Directive 9200.426), USEPA recommends a TEQ
action level of 5,000 to 20,000 ppt for dioxin and dioxin-like compounds. The average TEQ value
(1,016 ppt using the 2005 WHO TEFs) in IRM is below the current commercial/industrial
threshold. Provided DNREC establishes a TEQ action level consistent with current USEPA
standard, and the new dioxin and dioxin-like compounds analytical data to be collected from
IRM (see data gap discussion elsewhere) is less than the USEPA commercial/industrial
threshold, human health risk from direct exposure to these compounds contained in the IRM is
not anticipated to be significant (see Appendix A - Attachment 1).

DuPont Comment #54

The Schnabel Report correctly states that the “USEPA recommends a TEQ action level of
5,000 to 20,000 ppt for dioxin and dioxin-like compounds” and that “The average TEQ value
(1,016 ppt using the 1998 WHO TEFs and 1,153 ppt using the 2005 WHO TEFs) in IRM is
below the current commercial/industrial threshold.” DuPont agrees with the conclusion that
“human health risk from direct exposure to these compounds contained in the IRM is not
anticipated to be significant.” As noted above, these conclusions do not change because of
the newer proposed TEFs. DuPont submitted an evaluation of the proposed TEFs to DNREC
in August 2006 (DuPont, 2006).

It should be clarified that the USEPA Dioxin Directive (USEPA, 1998), these values are
“should also be used as starting points in setting soil cleanup levels at RCRA corrective
action sites” not necessarily an action level.

Also, it should be reiterated that 2,3,7,8-TCDD was not detected, at detection limits less than
the appropriate screening level of 40 ppt 2,3,7,8-TCDD, not TEQ. Nevertheless, all risk
assessments evaluated the risk associated with dioxins/furans/PCBs on a TEQ basis. It is
concluded that risk were de minimus.

Schnabel Statement— Section 5.1.5.2: Ecological Risk Assessment

The identified pathways of exposure in the ERA are not complete. As discussed above, the onsite
direct exposure pathway should be considered by DuPont’s consultant, and the ERA should be
revised accordingly. For the surface water exposure scenario, the exposure point concentrations
resulting from chemical transport from IRM and the dredged material should be reevaluated for
comparison with existing DNREC standards for aquatic species (see comments in Section 5.1.4.2
above and in Appendix A -Attachment 1), and the excess human carcinogenic risk as a result of
consumption of impacted fish should be recalculated.
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DuPont Comment #55

Consistent with standard risk assessment protocols, a site conceptual model was used to
define all relevant COPCs, exposure pathways, and receptors. At the time when the RI/RA
report was submitted, the IRM did not support vegetation. DuPont presumed that the remedy
would be implemented in a relatively short period of time. Voluntary vegetative growth has
occurred within the last year. DuPont is currently working with DNREC on an enhanced
storm water and sediment erosion control plan, which will include an appropriate temporary
cover for the pile. As the Schnabel Report correctly notes, the IRM storage area is not a
“robust wildlife habitat.” DuPont agrees with Schnabel’s conclusion earlier in Section 2.5.1
that ... the completion of the proposed remedy will reduce/eliminate the direct contact
route, and therefore the data are sufficient” and reiterated in Section 2.6.4: “this would not
be an issue under either remediation option.”

Schnabel Statement—Section 5.1.5.2: Ecological Risk Assessment

Calculated carcinogenic risk for dioxin and dioxin-like compounds (2.0 x 107 to 1.8 x 10°® using
1998 WHO TEFs and 2.27 x 107 to 2.04 x 10°® using 2005 WHO TEFs) was within the
acceptable risk range of 1.0 x 10 to 1.0 x 10™*. However, for dioxin and dioxin-like compounds,
excess carcinogenic risk calculated by DNREC staff from existing analytical data of fish tissue
samples collected from Shellpot Creek (at Hay Road) were on the order of 1.1 x 10° to 2.1 x 10
(2001 DNREC Internal Presentation). In addition to the dioxin contribution from the IRM pile,
background dioxin levels in sediment may be contributing to the higher risk levels calculated
using the fish tissue samples. Unless a presence of high background dioxin levels is established
in sediments in the vicinity of the site and surrounding areas, a reassessment of DuPont’s
approach (and modeling) conducted to estimate the exposure point concentrations and
subsequent excess carcinogenic risk is necessary to accurately estimate the carcinogenic risk as
a result of exposure of fish (and subsequently humans) to dioxin-impacted sediments.

DuPont Comment #56

There is a significant background level of dioxins that can originate from a variety of natural
and anthropogenic sources. Sediment data collected by DuPont and fish tissue data collected
by DNREC suggest that DuPont is not a significant contributor of dioxins to the creek. The
total DuPont contribution represents less than 0.1% of the total dioxin/furan toxic equivalents
present in the fish tissue. This has been communicated to DNREC (DuPont, 2002).

The conclusions of the Shellpot Creek watershed screening assessment are as follows:
1RM has a distinct distribution pattern of both PCBs and dioxin/furan congeners.

T he principal sources of both PCBs and dioxins exist in Shellpot Creek above
Hay Road.

[T he data suggest that IRM may contribute to the nonachlorobiphenyl and
decachlorobiphenyl concentrations in lower Shellpot Creek. These homologs make
up less than 1% of the total PCB content found in the fish tissue from
Shellpot Creek.
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[T he data suggest that IRM may contribute to the OCDF concentrations in lower
Shellpot Creek. These congeners make up less than 0.01% of the total dioxin/furan
TEQ found in the fish tissue from Shellpot Creek.

Schnabel Statement—Section 5.1.6: Section 7.0 — Proposed Remedial Action Objectives

The following problems are evident in the DuPont’s proposed quantitative RAOs. The statement
of the 4th bullet which reads “prohibiting the withdrawal of ground water for other than
environmental monitoring purposes...,”” precludes DuPont from using continuous and/or pulsed
ground water pump-and-treat, or any other ground water removal scheme to mitigate against
ground water contamination, once detected, and/or documented. Once the ground water is
contaminated, corrective action involving any form of ground water manipulation appears
completely precluded by the proposed RAO. DNREC should reject this RAO. The last portion of
the 5th bullet reads: ““the maximum concentrations allowed in ground water will be

726,787 mg/L for iron, 242,262 mg/L for manganese and 1.9 mg/L for hexachlorobenzene.”

DuPont Comment #57

DNREC approved this RAO because the standard wording under the DNREC-SIRB UECA
specifies that “No groundwater wells shall be installed, and no groundwater shall be
withdrawn form any well on the Property without the prior written approval of
DNREC-SIRB.” If DNREC deems, at a later time, that groundwater remediation (e.g., pump
and treat) is needed, DNREC will likely grant DuPont permission to withdrawal the water.

Schnabel Statement—Section 5.1.6: Section 7.0 — Proposed Remedial Action Objectives

The RAO of 1.9 mg HCBI/L roughly corresponds to a droplet on the order of 12 mm diameter
migrating offsite in every liter of water. DNREC should reject this RAQO.

DuPont Comment #58

This RAO calculation (DuPont, 2004a) was approved by DNREC and is protective of
groundwater discharging to surface water. Schnabel incorrectly states that the RAO of

1.9 mg HCB per liter of water roughly corresponds to a HCB droplet of approximately

12 mm in diameter. Firstly, it should be noted that the calculated size of an equivalent
droplet is intended to help visualize the mass of HCB; HCB in the groundwater will not exist
as individual, mobile droplets due to its solid state at temperatures below 230°C
(http://www.atsdr.cdc.gov/toxprofiles/tp90.html). Rather, it can be present in groundwater in
dissolved-phase form, albeit at very low concentrations (i.e., less than the solubility limit of
0.006 mg/L). Secondly, based on the density of HCB (approximately 2 g/cm?), the total
mass of dissolved HCB in water with a concentration of 1.9 mg HCB/L is equivalent to a
droplet that is 1.2 mm in diameter, not 12 mm. Regardless, this droplet equivalency has no
bearing on the validity of the RAO because individual droplets are not present. The RAO
was justly approved by DNREC because it is based on an appropriate scientific model of the
fate and transport of HCB in groundwater.

Schnabel Statement—Section 6.3.1: Dioxins

DuPont’s responses to the dioxin questions at the hearings focused on several of the more
notable dioxins, but did not provide sufficient detail regarding the overall concentrations and
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potential impact of dioxin at the site...We believe that DuPont should generate a summary
document that consolidates all of the existing dioxin data for all media, and provides an
overview of the dioxin types, concentrations, volumes and relationships to US EPA and DNREC
regulatory limits for both soil and ground water.

DuPont Comment #59

DuPont provided all data related to dioxins to DNREC and has used these data consistently
for all reports. A summary of all submissions was provided in June 2005 (DuPont, 2005).
DuPont does not believe that additional documentation is required. As Schnabel correctly
notes in 5.1.5.1 and Appendix A, “USEPA recommends a TEQ action level of 5,000 to
20,000 ppt for dioxin and dioxin-like compounds” and “the average TEQ value (1,016 ppt
using the 2005 WHO TEFs) in IRM is below the current commercial/industrial threshold.”
DuPont agrees with the conclusion that “human health risk from direct exposure to these
compounds contained in the IRM is not anticipated to be significant.”

Schnabel Statement—Section 6.3.4.2: Arsenic

A problem we encountered in evaluating arsenic data for the site is that it is scattered in various
reports, and very little of this data has been consolidated in summary tables for ease of
evaluation by the public. Also the few consolidated tables provided in various documents have
not been updated to provide the correct arsenic action level. It is our opinion that this data
should be updated, consolidated, and made available to the public.

DuPont Comment #60

DuPont used the lower DNREC Uniform Risk-Based Remediation Standards action level of
11 mg/kg for arsenic in the RI/RA instead of the new (pending) level of 23 mg/kg

(DuPont, 2004a). While additional TCLP results for arsenic in the IRM are provided in
documents other than the RI/RA report, only the comparison of the total arsenic result to the
DNREC Uniform Risk-Based Remediation Standards is meaningful. One of the three
sample results exceeded the DNREC standard for arsenic (14.9 mg/kg vs. 11 mg/kg); hence,
arsenic is considered a COPC that will be addressed as part of the remedy.

Schnabel Statement—Section 6.3.4.3: Ground Water and Surface Water

During the hearings and in subsequent submittals, DuPont provided data on several COC from
Shellpot that were analyzed from samples collected upstream and adjacent to the project site.
This data, although not conclusive, indicate a possible source upstream and upgradient of the
project site. It is our opinion that this information did not fully address this concern, and we
recommend that the data be consolidated in a summary report regarding this issue.

DuPont Comment #61

Although this information does not have an impact on the selected remedy, DuPont would be
willing to assist DNREC in compiling the needed data.
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Schnabel Statement—Section 6.3.4.3: Ground Water and Surface Water

It is Schnabel’s opinion that the documents reviewed and the data presented at the hearings do
not adequately address the current conditions, nor the long term potential of contaminants
migrating from the IRM to the ground water, and then to the surface water.

DuPont Comment #62

DuPont believes that it has developed an adequate understanding of potential contaminant
migration in the groundwater flow regime beneath the site, including the interaction of that
groundwater with the surface water bodies, for the purposes of remedy selection. The
factor-of-safety in the risk assessment model run (ENVIRON, 2003) demonstrates that the
proposed cap-in-place remedy would offer ample protectiveness even under conditions less
favorable than analyzed. A detailed discussion is provided in Exhibit A.

Schnabel Statement—Section 6.4: Regulatory

Several concerns were expressed during the hearings regarding the consolidation of the IRM
pile in the summer of 2002. A question was posed asking if the consolidation of the IRM
constitutes being ““actively managed,” thereby classifying the IRM as hazardous waste. Neither
DuPont nor DNREC adequately addressed this issue during the hearings or in subsequent
responses and communications.

DuPont Comment #63

The consolidation of the IRM pile involved movement of IRM within the original (prior to
consolidation) boundaries of the IRM pile and thereby within the boundaries of an area of
contamination. In a series of policy and guidance memoranda, the USEPA has clearly
indicated that such consolidation does not trigger new RCRA requirements on the material
being consolidated. Since the USEPA’s directive Determining When LDRs are Applicable to
CERCLA Response Actions (USEPA, 1989) and the NCP (USEPA, 1990), the USEPA has
consistently explained that “placement” does not occur when wastes are consolidated within
an area of contamination and thereby that RCRA LDRs do not attach. Furthermore, in his
explanation of the AOC concept to RCRA Branch Chiefs and CERCLA Regional Managers
in March 1996, the Director of the USEPA Office of Solid Waste distinguished between
activities that constitute placement and those that do not constitute placement as follows:

“In the NCP, EPA stated, ‘placement does not occur when waste is
consolidated within an AOC [area of contamination], when it is treated
in situ, or when it is left in place.” Placement does occur, and additional
RCRA requirements may be triggered, when wastes are moved from one
AOC to another (e.g., for consolidation) or when waste is actively
managed (e.g., treated ex situ) within or outside the AOC and returned to
the land.”

The consolidation of the IRM pile within its original boundaries clearly did not involve
removing IRM from the pile for ex situ treatment and consequently did not constitute
“placement” nor “active management.” Therefore, the material within the confines of the
IRM pile should not be classified as hazardous waste.
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Schnabel Statement—Section 6.4: Regulatory

It is Schnabel’s opinion that both DuPont and DNREC provided information during the hearings
on the complicated issue regarding the relationship and timing between the regulation adoption
and key events. However, due to the nature of the hearings, a thorough and coherent explanation
was not possible. The poorly selected format of the technical review tended to generate more
confusion than assistance. We believe that a summary document should be completed that
provides a step by step chronology of the events associated with classifying the IRM along with
the underlying regulatory reasoning. This summary should also address the ““rehandling” issue
(stockpile consolidation).

DuPont Comment #64

DuPont believes that DNREC has an extensive understanding of regulatory events and
chronology as it relates to the IRM.

Schnabel Statement—Section 6.4: Regulatory

Observations made during a recent site visit (July 2006) indicated that several surface areas
were in need of repair under the current operations and maintenance procedures...We believe
that DuPont, in conjunction with DNREC, should provide the public additional and detailed
information on this issue.

DuPont Comment #65

The Iron-Rich Staging Area is inspected on a daily and monthly basis. The monthly
inspections observe and document site conditions and recommend repairs, etc., as required.
The existing storm water and sediment erosion controls are functioning satisfactorily at this
time and have been maintained and upgraded as conditions warrant. DuPont has proposed
enhancements to these controls to DNREC so that the site can more efficiently transmit storm
water flow to the existing outlet structure.

Schnabel Statement—Section 6.6.2: Ground Water and Surface Water

The transcripts from the hearings include questions and comments concerning the lack of a
bottom liner for the proposed remedy. One concern was that leachate from the IRM would

migrate downward into the ground water and subsequently into the Shellpot Creek and the
Delaware River.

DuPont Comment #66

DuPont believes that it has developed an adequate understanding of potential contaminant
migration in the groundwater flow regime beneath the site, including the interaction of that
groundwater with the surface water bodies, for the purposes of remedy selection. The
factor-of-safety in the risk assessment model run (ENVIRON, 2003) demonstrates that the
proposed cap-in-place remedy would offer ample protectiveness even under conditions less
favorable than analyzed. A detailed discussion is provided in Exhibit A.

Additionally, the cap-in-place remedy will reduce the generation of leachate.
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Schnabel Statement—Section 7.1.1.1: Feasibility Study

It is our conclusion that the remedial action objectives (RAQ) that were established and used by
DuPont in the feasibility, screening, and evaluation of proposed remedies were deficient because
proposed concentrations for iron, manganese, and hexachlorobenzene are too high to be
protective of human health and the environment. Because of this, the FFS may not have resulted
in an appropriate remedy. Additionally, the FFS proposes to only monitor ground water
during/after the remedial measures, and has used language which appears to preclude
corrective actions that require ground water manipulation, removal and/or treatment.

DuPont Comment #67

These RAOs are based on risk-based evaluations approved by DNREC and are appropriate
for the exposure scenarios and site conditions. Because the RAOs are appropriate, the FFS
resulted in the selection of the appropriate remedy. For the cap-in-place remedy, DuPont will
monitor the groundwater. If groundwater concentrations exceed the proposed RAOs, DuPont
will work with DNREC to identify the appropriate remedial actions.

Schnabel Statement—Section 7.1.1.2: Selected Remedy

It is the conclusion of our evaluation that DuPont overstated the design life of the selected
remedy (capping system), because it was based on durability and longevity values of the
geomembrane base polymer. However, the base polymer durability does not necessarily reflect
its ability to perform the intended function once installed.

DuPont Comment #68

Schnabel’s conclusion that Peggs (2003) indicates that the maximum operational life of
HDPE geomembranes is on the order of 25 years is incorrect. In fact, the Peggs paper never
makes this statement. Peggs does, however, state that “our practical experience with HDPE
geomembranes is limited to about 25 years.” Peggs further states that if high quality
materials are used in conjunction with good design and quality construction practices, then
“an HDPE geomembrane in a MSW [municipal solid waste] landfill should last for about
400 years.”

Geomembranes have been used as lining materials (e.g., caps and base liners) for about

30 years. During this time, “adequate performance has been demonstrated” (Peggs, 2003).
Because the track record of geomembranes is only a few decades, the question of useful
lifetime is often asked. To estimate the durability and aging of geomembranes, accelerated
laboratory testing and modeling are used. These methods use elevated temperatures, elevated
stresses, and/or aggressive liquids (i.e., leachate) to accelerate the geomembrane aging
process. The Geosynthetic Research Institute and others have conducted extensive research
on the lifetime prediction of HDPE geomembranes since the 1980s. They have concluded
that HDPE geomembranes have extremely long service lifetimes (i.e., hundreds of years
when buried) if good quality materials are used and installed properly (i.e., without damage).

Note that the Geosynthetic Research Institute uses the same laboratory testing and modeling
procedures as the entire plastics industry for their geomembrane lifetime prediction work.
The plastics industry has a longer track record than the geomembrane industry. For example,
the cable shielding industry and the plastic gas pipe industry have been using plastic for more
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than 50 and 40 years, respectively. The Geosynthetic Research Institute uses the same
lifetime prediction procedures for geomembranes as these two major industries.

The geosynthetics industry agrees that geomembrane materials will last a long time and that
the most critical element in providing a capping system with a long service life is protecting
the geomembrane during installation. Succeeding in protecting the geomembrane during
installation involves appropriate engineering design, quality construction practices, and
construction quality assurance procedures (i.e., inspection and testing during and after
installation).

DuPont plans to prepare a quality engineered design, specify quality construction practices,
and use construction quality assurance and construction quality control during the
implementation of the DNREC-approved remedy.

Schnabel Statement—Section 7.1.1.2: Selected Remedy

...Regarding DuPont’s other leading remedy, source removal and disposal, we have concluded
that it was not thoroughly evaluated, particularly for the use of rail transportation options (in
lieu of trucking) which would significantly reduce the cost and the apparent risk.

DuPont Comment #69

From a risk perspective, the transportation risk of rail versus truck transport is not
significantly different (see Exhibit E), which further supports the current cap-in-place
remedy. The duration of the source removal and disposal alternative, as stated previously in
these comments, is on the order of several years (versus the originally estimated 12 months).

Schnabel Statement—Section 7.1.2: Risk Assessment

To the extent that site characterization data and conceptualization (of IRM and DM) serves as
the foundation of the risk assessment, the human health and ecological risk assessments for the
site have significant shortcomings. Our evaluation indicates that related shortcomings and
inconsistencies include representation of source/exposure point concentrations, conceptual
assumptions, and input parameters used in fate and transport modeling analyses.

DuPont Comment #70

DuPont believes that the site characterization is appropriate and supports the cap-in-place
alternative. Further, the risk assessment (that was performed per DNREC screening
assessment requirements as well as the more site-specific evaluations performed by DuPont
and ENVIRON) make conservative assumptions that result in the overestimation (rather than
underestimation) of potential risk. DuPont believes that the evaluations provided thus far
support the use of a cap-in-place remedy as protective of human health and the environment.

Schnabel Statement—Section 7.1.2: Risk Assessment

Moreover, the human health risk assessment (HHRA) has ignored a potentially critical exposure
scenario related to offsite downwind receptors (including potential sensitive receptors).
Similarly, the ecological risk assessment (ERA) appears to have inappropriately excluded
hazards related to potential direct exposure to COC by wildlife (avian and terrestrial species
were observed foraging in the IRM areas during our site reconnaissance visit), and the observed
vegetation on the IRM pile serving as a potential food source and habitat for such wildlife.
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Additionally, the off-site ecological exposure point concentrations and the subsequent ecological
risk to aquatic organisms and human receptors vary significantly with COC concentrations in
the IRM and dredged material, the vertical permeability of the IRM, and the assumed hydraulic
conductivity of the DM. These types of data should be collected from within the footprint of the
IRM pile and its immediate vicinity for effective off-site ecological risk characterization, and the
ERA should be revised accordingly to reflect new data. Further, cumulative human health
carcinogenic risk calculated by DNREC staff as a result of consumption of impacted fish using
dioxin and dioxin-like compound analytical fish tissue data collected from Shellpot Creek is
approximately 10 to 5,000 times higher than that calculated by DuPont for this exposure
scenario. Unless high dioxin levels are established in sediments in and around the vicinity of the
site, the excess human health risk for this exposure scenario should be recalculated by DuPont.

DuPont Comment #71

DuPont disagrees that wind-blown dust was not considered in the human health risk
assessment. As Appendix A correctly notes, under conditions at the time of the evaluation as
well as the planned remedy, exposure by inhalation of COPCs in wind-blown dust is minimal
for on-site workers. By extrapolation, the pathway would be incomplete for off-site
receptors of which the adjacent water bodies are the most relevant.

While assessment of this pathway is not a DNREC requirement, the pathway was a focus of
the potential historic release evaluation as well as the remedy selection evaluation. Based on
a meteorological assessment, the appropriate receptors are the adjacent water bodies. The
results of the historic release evaluation, which focused on dioxins and PCBs as the most
critical constituents, concluded the following:

[_Estimated concentrations in the adjacent water bodies resulting from the uncovered
pile were not above the ambient water quality criteria.

[ Cumulative risks were calculated to be approximately an order of magnitude below
de minimus level (i.e., 2.0 x 107 vs. 1.0 x 10°® risk) for the reasonable worst case and
well within the acceptable risk range of 10™ to 10™. For the maximum worst case,
cumulative risks were calculated to be only marginally above the de minimus level
(i.e., 1.8 x 10° vs. 1.0 x 10°°).

In addition, an assessment of risk to a hypothetical resident at the fence line was performed
to evaluate remedy implementation of the two options. In both cases, risks were higher for
excavation versus capping. The cancer risk was below 107 for both, and the hazard index
was less than 1 for noncancer effects under the capping option and 21 under the excavation
option.

Consistent with standard risk assessment protocols, a site conceptual model was used to
define all relevant COPCs, exposure pathways, and receptors. At the time when the RI/RA
report was submitted, the IRM did not support vegetation. DuPont presumed that the remedy
would be implemented in a relatively short period of time. Voluntary vegetative growth has
occurred within the last year. DuPont is currently working with DNREC on an enhanced
storm water and sediment erosion control plan, which will include an appropriate temporary
cover for the pile. As the Schnabel Report correctly notes, the IRM storage area is not a
“robust wildlife habitat.” DuPont agrees with Schnabel’s conclusion earlier in Section 2.5.1
that “...the completion of the proposed remedy will reduce/eliminate the direct contact route,
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and therefore the data are sufficient” and reiterated in Section 2.6.4: “this would not be an
issue under either remediation option.”

On the issue that Schnabel report has designated as ERA, it should be noted that this is an
incorrect designation and is inconsistent with how ecological risks were evaluated. For
clarification, DNREC requirements for evaluation under the VCP Agreement scope of work
include an option for human health and one for ecology (DNREC, 2002). The human health
evaluation as attributed above met all DNREC requirements. For ecology, DNREC requires
a similar process of comparison to criteria and only those constituents that fail these criteria
are carried forward. DuPont went further than required and performed additional risk
evaluations (e.g., DuPont, 2003 and ENVIRON, 2003). These efforts evaluated both human
and ecological receptors as quoted by Schnabel above. The Schnabel Report shows a lack of
understanding of ecological risk assessments (and human health risk assessments) by
consistently referring to potential human exposure pathways (e.g., ingestion of fish,
recreational use) as part of an ecological risk assessment.

There is a significant background level of dioxins that can originate from a variety of natural
and anthropogenic sources. Sediment data collected by DuPont and fish tissue data collected
by DNREC suggest that DuPont is not a significant contributor of dioxins to the creek. The
total DuPont contribution represents less than 0.1% of the total dioxin/furan toxic equivalents
present in the fish tissue. This has been communicated to DNREC (DuPont, 2002).

The conclusions of the Shellpot Creek watershed screening assessment are as follows:
[1RM has a distinct distribution pattern of both PCBs and dioxin/furan congeners.

T he principal sources of both PCBs and dioxins exist in Shellpot Creek above
Hay Road.

[T he data suggest that IRM may contribute to the nonachlorobiphenyl and
decachlorobiphenyl concentrations in lower Shellpot Creek. These homologs make
up less than 1% of the total PCB content found in the fish tissue from
Shellpot Creek.

[T he data suggest that IRM may contribute to the OCDF concentrations in lower
Shellpot Creek. These congeners make up less than 0.01% of the total dioxin/furan
TEQ found in the fish tissue from Shellpot Creek.

DuPont believes that the site characterization is adequate for the purposes of the risk
assessment. Further, the risk assessment (that was performed per DNREC screening
assessment requirements as well as the more site-specific evaluations performed by DuPont
and ENVIRON) make conservative assumptions that result in the overestimation (rather than
underestimation) of potential risk. DuPont believes that the evaluations provided thus far
support the use of a cap-in-place remedy as protective of human health and the environment.

Schnabel Statement—Section 7.1.3.1: Dredged Material

It is the conclusion of our evaluation that the dredged material upon which the IRM is currently
stored, and upon which it will be permanently stored in the proposed remedy, has not been
sufficiently characterized.
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DuPont Comment #72

DuPont believes that it has developed an adequate understanding of the site subsurface for
the purposes of remedy selection. Extensive geotechnical investigations have been conducted
at the site, including multiple studies in the early 1970s, Cell 2 investigations (1977), Cell 3
investigations (1978 through 1979), Cell 4 investigation (1990), landfill closure investigation
(1992), and the pre-design investigation (2000). Exhibit A illustrates the numerous soil
borings, test pits, wells, and piezometers that have been employed to understand the site
subsurface. DuPont is aware that heterogeneities may influence the bulk permeability of a
unit. However, sand beds or laminations within the dredged materials were thin and not
laterally correlative, indicating they are likely discontinuous lenses rather than extensive flow
pathways.

As Schnabel states, permeability data are available for several locations west of the IRM
storage pile at various depths. Boring logs are also available for locations across the site,
both in the areas where the permeability data were collected and under the IRM pile (see
Exhibit A). The logs of the 14 borings within, or on the margin of, the footprint of the IRM
pile indicate that the materials beneath the pile are comparable to those used for the
permeability analyses. The hydraulic conductivity value of 4.6 x 10 cm/sec cited by
Schnabel was obtained from the Shallow Sand unit in the western portion of the site, not
from the dredged materials that underlie the IRM storage area. The highest vertical hydraulic
conductivity measured on any of the dredged materials at the site was 1.1 x 10 cm/sec.

DuPont, under the guidance of DNREC, chemically characterized the DM formerly covered
by IRM (DM-1 through DM-14). The characterization was adequate to allow risk
assessment modeling under conservative assumptions and is therefore sufficient for remedy
selection.

Schnabel Statement—Section 7.1.3.2: Ground Water

It is the conclusion of our evaluation that the ground water underlying the IRM has not been
fully characterized, and ground water monitoring locations are not positioned to effectively:

(1) establish the existing impacts of the stockpiled IRM on the ground water quality, and

(2) monitor the future impact of the proposed remedy. This includes the lack of ground water
data within the footprint of the IRM, and in at least one key downgradient location near the point
of discharge to the Delaware River. Additionally, semi volatile organic compounds such as
hexachlorobenzene and hexachlorobutadiene reported in IRM and DM samples, which are
potential COC, have not been analyzed in past and current ground water monitoring events.
Because of this, ground water has not been sufficiently characterized to effectively perform a
FFS and the associated risk assessment.

DuPont Comment #73

DuPont believes that the groundwater has been sufficiently characterized to support the
proposed remedy. Our conclusion is based on historical sampling and analysis and
groundwater modeling performed at the site. DuPont also acknowledges that future
monitoring will need to occur in support of the remedy.

With respect to historical groundwater sampling, groundwater wells (MW-36A, MW-42,
MW-46R, MW-47R and MW-48) of the First Aquifer are sampled on a semiannual basis at
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Cherry Island as part of the postclosure care permit for Cells 1 through 3. Exhibit G shows
the location of the monitoring wells at Cherry Island. Analytical parameters include
ammonia, chlorides, metals (arsenic, cadmium, chromium, copper, iron, lead, and selenium),
total dissolved solids, and total organic carbon. Field parameters include dissolved oxygen,
oxidation-reduction potential, pH, specific conductance, and turbidity.

Additional groundwater sampling and analysis occurred on March 15, 2005. Wells MW-34A,
MW-36A, MW-37, and MW-46R (see Exhibit G) were sampled at DNREC’s request for
TAL metals, cyanide, TCL organics (including the SVOCs HCB and hexachlorobutadiene),
pesticide/PCBs, and dioxin/furans. These data were submitted to DNREC on April 5, 2005,
and indicated that no HCB or hxachlorobutadiene was detected in any of the tested wells.

Leachate and groundwater flow modeling was performed (ENVIRON, 2003). The leachate
model performed used was the USEPA HELP (USEPA, 1994). The groundwater flow model
used was Oak Ridge National Laboratories’ AT123D model (USEPA, 1989). The modeling
results demonstrated that the COPCs do not pose any appreciable risks through leaching and
transport to nearby surface water bodies.

DuPont believes that the well cluster between the IRM and Shellpot Creek (i.e., MW-33R,
MW-34A, and MW-46) and the well cluster between the IRM and the Delaware River (i.e.,
MW-35, MW-36A, and MW-37) are positioned to effectively detect any potential release
from the IRM toward the Shellpot Creek and the Delaware River, respectively. Please see
Exhibit G shows the well locations with respect the IRM and the surface water bodies.

Schnabel Statement—Section 7.1.3.3: IRM

The evaluation of the IRM in relation to the proposed remedy indicates that the IRM has not
been sufficiently characterized to allow for the effective risk assessment of the proposed remedy.
The lack of characterization includes the lack of site-specific hydraulic conductivities established
for the IRM and the significance of hexachlorobenzene, including its potential presence as a
dense non-aqueous liquid (DNAPL) occurring within the IRM.

DuPont Comment #74

The hydraulic conductivity selected for the IRM for use in ENVIRON’s HELP model
(Tables 5e and 5f; ENVIRON, 2003) shows a generic soil texture number 12. However, in
the actual computer modeling runs, a soil texture number 8 was used. This “inorganic silts
and very fine sands” (ML) type soil texture and its associated hydraulic conductivity value
(3.7 x 10 cm/sec) is representative of the IRM based on two hydraulic conductivity tests
conducted on IRM during the application process for a U.S. Patent for its use in landfill
capping systems in 1992. This 1992 testing report is provided as Exhibit H. In fact, the two
tested hydraulic conductivity values (at 10™ cm/sec) are lower than the one used in the
modeling. That is, a more conservative approach was used.

Because the aqueous solubility is low and the melting point for HCB is high, HCB would be
expected to form a solid phase at concentrations above the soil saturation concentration,
rather than a NAPL. As referenced in earlier comments, DuPont does not expect that HCB
would exist as a liquid under IRM conditions.
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Schnabel Statement—Section 7.2: Recommendations — IRM

We believe that up to five representative samples should be collected of the IRM currently stored
from within the footprint of the proposed remedy located in the eastern portion of the
site...Samples should be collected from appropriately spaced borings with the proposed
locations approved by DNREC.

DuPont Comment #75

Samples of the IRM were collected from the waste stream just prior to transport and
emplacement at the Hay Road site. Because this sampling occurred at various times
throughout the disposal history and because of the proximity of the plant to the site (i.e.,
minimal transport), DuPont believes that the IRM is adequately characterized.

Schnabel Statement—Section 7.2: Recommendations — Dredged Material

In conjunction with the advancement of the recommended borings, we believe that representative
samples of the dredged material be collected at 2.5-ft intervals beneath the stored IRM.
Additionally, samples of dredged material in the southeast corner of the site should be collected
at 2.5-ft intervals. A minimum of 10 ft of dredged material should be sampled at each location.

DuPont Comment #76

DuPont believes that it has developed an adequate understanding of the site subsurface for
the purposes of remedy selection. Extensive geotechnical investigations have been conducted
at the site, including multiple studies in the early 1970s, Cell 2 investigations (1977), Cell 3
investigations (1978 through 1979), Cell 4 investigation (1990), landfill closure investigation
(1992), and the pre-design investigation (2000). Exhibit A illustrates the numerous soil
borings, test pits, wells, and piezometers that have been employed to understand the site
subsurface. DuPont is aware that heterogeneities may influence the bulk permeability of a
unit. However, sand beds or laminations within the dredged materials were thin and not
laterally correlative, indicating they are likely discontinuous lenses rather than extensive flow
pathways.

As Schnabel states, permeability data are available for several locations west of the IRM
storage pile at various depths. Boring logs are also available for locations across the site,
both in the areas where the permeability data were collected and under the IRM pile (see
Exhibit A). The logs of the 14 borings within or on the margin of the footprint of the IRM
pile indicate that the materials beneath the pile are comparable to those used for the
permeability analyses. The hydraulic conductivity value of 4.6 x 10 cm/sec cited by
Schnabel was obtained from the Shallow Sand unit in the western portion of the site, not
from the DM that underlies the IRM storage area. The highest vertical hydraulic
conductivity measured on any of the DM at the site was 1.1 x 10” cm/sec.

DuPont, under the guidance of DNREC, chemically characterized the DM formerly covered
by IRM (DM-1 through DM-14). The characterization was adequate to allow risk
assessment modeling under conservative assumptions and is therefore sufficient for remedy
selection.
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Schnabel Statement—Section 7.2: Recommendations — Ground Water

To establish the quality of the ground water within the footprint of the proposed remedy and
downgradient of the IRM storage pile, a ground water well should be installed and
sampled...Hydraulic conductivity data should be collected from selected horizons in conjunction
with the installation of this well.

DuPont Comment #77

The long-term effectiveness of the proposed remedy will be verified through a groundwater
monitoring program that will be addressed in a postclosure monitoring plan.

Schnabel Statement—Section 7.2: Recommendations — Feasibility Study

Upon completion of the recommended data gathering activities, the FFS should be revised to
incorporate the new data and the feasibility of each of the remedies in the screening process
should be re-evaluated to determine their rankings and appropriateness.

DuPont Comment #78

DuPont believes that the site has been adequately characterized to provide the data necessary
to complete the FFS and select the proposed remedy.

Schnabel Statement—Section 7.2: Recommendations — Risk Assessment

Upon completion of the recommended data gathering activities and the incorporation of the
additional testing and analytical results into the revised FFS, we are recommending that the risk
assessments of the selected remedies be revised to reflect the inclusion of the new data.

DuPont Comment #79

DuPont believes that the site has been adequately characterized to provide the data necessary
to complete the risk assessment and select the proposed remedy.
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Exhibit A
Subsurface Characterization under the IRM Storage Pile

Note: In keeping with Schnabel’s usage, the terms “permeability” and “hydraulic
conductivity” are used interchangeably herein to refer to “hydraulic conductivity” or
“coefficient of permeability” of a material, in units of length/time (cm/s).

Extensive geotechnical investigations have been conducted at the site, including multiple
studies in the early 1970s, Cell 2 investigations (1977), Cell 3 investigations (1978 through
1979), Cell 4 investigation (1990), landfill closure investigation (1992), and the pre-design
investigation (2000). This exhibit illustrates the numerous soil borings, test pits, wells, and
piezometers that have been employed to understand the site subsurface. DuPont is aware that
heterogeneities may influence the bulk permeability of a unit.

Logs are available for 14 previous (historical) borings located within or on the margin of the
footprint of the IRM pile [DB-2A, TB-30 (well 30), TB-105, TB-106, TB-107, TB-108,
W-29, W-32, W-33, W-37, W-40, W-46, W-47, and W-48]. The logs for all of these borings
(see attached) indicate silty-clay/clayey-silt from the surface to a depth of 13 to 22 feet bgs.
Although some of these logs note the presence of sand lenses within the DM, in nearly all
cases, the depth to the shallowest sand lens is greater than 10 feet, and there is no indication
that any sand lenses are continuous or interconnected.

Vertical hydraulic conductivity measurements from Shelby tube samples of the silty-clay/
clayey-silt material yielded an arithmetic mean of 3.4 x 10°® cm/sec (geometric mean of

1.4 x 10 cm/sec). For groundwater flow calculations and modeling, DuPont assumed an
anisotropy ratio of 10:1 (horizontal:vertical), which is typical for a layered unconsolidated
material (Freeze and Cherry, 1979). This assumption is confirmed by horizontal hydraulic
conductivity measurements obtained by slug testing (arithmetic mean of 2.2 x 10” cm/sec;
geometric mean of 2.0 x 10° cm/sec). The highest vertical hydraulic conductivity value of
the silt/clay “dredged material” was 1.1 x 10® cm/sec from PZ-14. The hydraulic
conductivity value of 4.6 x 10 cm/sec cited by Schnabel was from the “Shallow Sand” unit
in the western portion of the site, not in the dredged materials that underlie the IRM storage
area. This unit is correlated with the unit referred to previously (Woodward-Clyde
Consultants, 1977, 1979) as “Unit 3.”

ENVIRON acknowledged the importance of conductivity, stating “horizontal hydraulic
conductivity in the saturated zone is a key parameter in the groundwater modeling.”
However, given the conservative assumptions used in the modeling, variations in hydraulic
conductivity over the observed range of 107 to 10™ cm/sec would not change the conclusions
of the risk assessment.

For confirmation, the technical team at ENVIRON was consulted regarding the modeling of
chemical transport from the IRM stockpile to the Delaware River and Shellpot Creek
(presented in the risk assessment). DuPont understands that the expert opinion of
ENVIRON’s modeling team is that even if the horizontal hydraulic conductivity of the DM
underlying the IRM pile were assumed to be 1.1. x 10 cm/sec, an order of magnitude higher
than the highest result obtained from Shelby tube analyses of the DM, the overall conclusion
of the risk assessment would not change. ENVIRON confirmed, via e-mail on February 22,



2007: “This conclusion was that essentially unlimited concentrations of each of the chemicals
of potential concern could be present in the IRM staging pile and still not result in an
exceedance of risk-based surface water quality criteria.”
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WCI-RP 1

-

A3

S
ey

A-14

4/9-14/88

LOG of BORING No.

SURFACE ELEVATION 221

Th-105 Il wE 3]

LLOCATION _Sve Plute 2

i .
-
LOG of BORING Mo. 15-103 (conc'afieerd of 3
DATE _4/3-8/88 o nrace eLevaTIoN _ 24.1 LOCATION __See Figure 2
= » 10
= . F
| 92 ] .
I |0 oy t= 5 20
— | ZE - DESC L win |a* ,:"d_
LiX| T SCRIFTION z GE 8¢ t@ﬂ
ol | Zi o |cz|32|32|E8
90 ad ‘ w o ([d3|aa]ar
- pg A8 above —6&.9 i
‘|HMedlum dense dark gray interbeddad '33.8
Vs coarse to fine sand and gravel with fing
35 brown silty elay (SW/CL)
- 26 27.5
100
- 19 26.8
105 _
” 12 18.1
. -83.9
LIOF Hard red-brown coarse to fine sandy
. % 24 |Clay (G -87.4 [18.6
[15— % Drilled Wlch mud, no water levels
7 avalilable
4
-
Complelion Pepth__111-5  Feqy Waler Depth_"f___ Feat Dale__/9/B8
pubont - Cherry Island = Cell #3

Projecs Nama

Project Number

Bgc2042C

: ]
- F
: 92 & e
z E = = 4 RO
Py Eo DESCRIPTION g il el N
] e ] Fr A= 3’ Z T
a 1L - < 5 a 2 AZE[E]
0 oi I w EO [ alal
E 45,6
5
h Pa o83 | 761 42 |eptl.
' o
Vs ' .
10 Firm dark gray clayey silt with mediug .
Ps to Flone sand lenses, Lraces of vegeta— 02,4
| tion marter, micaceous (M) ' 98 | 42 o.M
d vs %
L5
g Ps 2B.1
Ya
20
: } 25,7
j Fa L1 |4
Hedium dense dark gray slley coarse to
25 EFine sand and gravel {SW/SM)
119 10,1 H
30
17 13.3
-10.9
35
H Pz 44.4 P2
Firm dark gray clayey silr/organic clay, ‘v
crace mica (MH/ON)
i Vg
40
‘B 59,1 Ppl
o
OLH
1'%
45— e e e e e i e e e e e ] i
Py Continued on Sheer 2 of ]
Compietion Depth . 106.5  Fear ) Waler Dapth * Foel Dale__4/15/8BB

Prolacl Name

DuPant -~ Cherry Island - Cell 4

. Projec! Numbar . BHC20428

Woodward-Clyde Consultants @

Woodward:Clyde Consullants %ﬁ




B -RP1

A-15
LOG of BORING Mo. T5-105 {conc’afheer 2 of 3
OATE _4/9°14/88 _ syppace eLevaTion.. 23.1 LocATion _Sew Platw 2
& § % #
i 25 = El #lux .
Y &2 DESCRIPTION B | GE |2clEelEe
a 3 o ‘Zg 85|35 |En
Qﬁ‘ & i} EO 3L IO
4 i - - :
H Pa M As above 22,4 465
Flem gray coarse to fine sandy, gravelly —24 .4
\silty clay (CL/GC)
50 Flrm gray ailty clay (CH) ! -26.9 | 67| 32 g;“
5 =27.2. 162,218 1.5
H ka Firm dark gray sflty wmedium to Eine ¢ BT pad
IvG.6
sand (SM)
~five Firm dark gray arganic silty clay/
55_ ; clayey silt, trace vegetative mataerial .
3 Ps (Cit/ou) : 60.5 Ppl.8
ITvi.]
M Yy
60
Ps 62.2 Ppl.8
B% | 53 [v0.5
G,Tx
1 Vs M
&5
Bs 59,1 {87 |29 [Ppl.3
0.5
A va
70
Pa 63.9 Ppl.S
77137 hvo,s
G,Tx
M va H
75
Pa 68.4 Ppl.g
Tw 0.5
1Y -56.9
80 [T T T T e T e T e e e e e L8
Ps Eai Eine 3rave-l— T X I 78.?' 95, {57 '[;\-PO:!«
y G,Tx
I Vs M
g £ 3.9 it
R sRE]
[Tt * T T s e e e — — e —
b Ps Cont [nued oo Sheet 1 of 3
Completion DBPlh_L"SFEB[ Water anlh—-*:_._._ Fast Date_#/15/88
Praject Name _ Putuat ~ Clierry Tsland - Cell #4 Project Number _ 88020428

Projact Nama

i
LOG of BORING No. m-105 (coucray  Sheer)
DATE _4/9-14/88  gncacs ELEVATION. _23:1 LOCATION __See Plate 2
LY X7 1y N
<|¢| 22 & | L
E'I :"u; DESC r‘1_: a:ﬁ cn#g‘zu:
si%l L2 SGARIPTION 2 Br SeElG el
o zd o L5 82358
og w 20 a0 Jj0]
Ps » .As above ,_._'ﬂL
Medfum dense brown-gruy coarse to Flne
55 sand and gravel (54}
25 7
i Y.l M
=75.9
100
71 Hard red-brawn-green-gray fine sandy 26.1 | 40|31
clay to sandy claysy silc {CL/HL) ) H
105
] 75. — -33.4
110~ * Drilled with mud rotary, no wvater
- levels cbtained
Completion Depth,_106.3  Feep »  yoios Dapth 4 Feal Oute _ 4/15/88

DuPont - Churry_l_s!anr.l = Cell #4

= v Pr0jug | Numbos _uﬂcaqazu

Woodward-Clyde Consuitants &

Woodward-Clyde Consultants @



W2Z-RPT

Sheet
LOG of BORING MNo. 110 et 1 of 3
DATE _4/20-25/88 qupeack gl EvaTion . 22.9 LOCATION _Ste Plate 2
tfn Ly
= z #
o ! g(zj g Py
HEEET > Z | #loas
plx| ge DESCRIPTION = GESelbeifie
a g - Y& |BE|5Z(Ea
o el w FQ |HAI IO
Firm wottled dark brown and orange silty
clay with organic inclusions (CIL/OI)
i 6 58.4
3 . 17.9 ‘
0 4 Flrm dark gray organic clayey silc/
siley elay with trace fine sand and 36.0
¥ P gravel (oli/ci) .
10—
1 Ps 78.0 115 {57 | a,H
_ 101 |53 | 1x
i Vs g
15~
s 67.5
H Vg
20 EO.B
i 2.2 4 3
© Hrs I PURNES o S S
Firm dark gray organle silty elay, some b ,i,
medium te fine sand and fine rto coarse ¥
gravel becoming medium dense dark gray
25 ta black silty fine to cerrse sand with
15 some fine to coarse gravel, silty clay 23,2
lenses (ON/SH)
30
M 48 13.6
35 — N T
12 _ —t=l3. Ly
Sofr to firm dark gray organic clayey
silt to silry clay with trace gravel,
siley fine sand lenses {(Oli) '
s .
40 —
Ps 61.5 | 79 |42 (o,
Tx
45 — e e e e e e e e e e ]
Contlnued on Sheet 2 of 3 .
Compietion Depth... 118:5 Feat Water Depth_ ¥  Fest Date_4/26/88
' Projecl Name DuPont-Cherry lsland-Cell & Project NumberMZ_B___...

Waodward-Clyds Consultants @

J—

‘\

A1l
" Sheet 2 of
LOG of BORING No. w-1u ¢
DATE _4/20-25/88  syprace ELEVATION_— 229 | opaTion  See Plate 2
] 1 ¥
=~ @1 3% 5 V-
HEEE |k ot
olgl aa DESCRIPTION S LE [Sc|hetEe
al | 28 3 |5a 183|355
fs G w 20 |[da|Ed|orF
Pg Fim dark gray organic clayey s1lt ro 78.1
61lty eclay with trace sand, mlca (DI)
H va
50 X 54,1 Su il
b ra &6.5 | - c.l
i 42,4 e,
H Vs
55— U N Y 7
B s B 3.6 | uplas | oy
Trace fiiv aand Y a6 1 14
H.Va
60 —y
s 65.1 | Bl 37
R va
65—
g Pe 54,1
R vs
70 i - _ - _loohsl L Jrs.z2 75039 | c
H s T I - Ty
Litrle organle ineclusions “50.6
Vs e e ——— e e DN
75—
N Ps 62.4
4 Vs
BO
R rs 62.5 | 66|39 | c.p
: Tx
B Ve
B85~y
K Pe 4.0
q Vs
90 — S VOO S e | — | =
ConCinued on Sheet 3 of 3
Completion Depth__116.5  Feet Waler Deplh % Fee: Date___4/26/88 .
Project Name . _PuPont-Cherry Tsland-Cetl 4 Prajecl Number _88C2042)8

Youodward-Clyde Consutlants {ﬁ?’




WO AP}

"‘q‘n\ — '
)
A-19 ‘ A2
Sheet 3 of 3 Sheet | of
LOG of BORING MNo. 1s-106 LOG of BORING No. -0
DA 4/20-25/88 23, - . . .
TE 2522000 SURFACE ELEVATION22.9 . LoCATION _ See Plate 2 DATE _A/14/-19/88 syprace ELEVATION___ 223 . Locayion Sue Plate 3
:|in w
= | w = - ur 3
|z | 22 g El o xlo 8] 92 B L
(2] Sk < i la®|g® E =g % Gla“l2#
HEINCY PESCRIPTICN i Be |5elbellie by gh DESCRIPTION Z 1= e 3
QL i |38 |85)35]5n A SRR
50 k i T T O[S40 a|DF
. Yirm dark gray organic ciayey silt (OH -68, 0
Pa [N £ & hid (o) L 2.5
Dark gray silt and medium Lo coarse : ’
55?'1 {5H) ~71.1 Soft to Firm dark gray organle sfley 68.3
Soft to firm datk organic clayey sLl lay (OH)
o5 gan ayey C clay
with trace coarse sand, frace mica : 3
Pa 1com) X 56,1 66 | 39" | G,K Ps ul.9
78 |46 | Tx
Vs -76.1 M Vs
100 Loose to medium dense multicolored \0- :
.9 (brown, red-brown, gray, dark gray} fine 38.5 d pa 1.6 77150 { G,
Lo coarse sand, some ailt, trace gravel
’ L1141 56 | Ta
weathered rock fragments towards battom Vs
5W
105 ~ 3 R : 15 . 1.3
22 - Fira dark gray organle clayey silt (o) 72.6 c,T
' CH
£.3
R Vs Looge dark gray siity medium to flane
110 70 sand, little cearse sand {SH) "
B 16 18.7 I\ / 315.3
-1 Seft to firm dark gray erganic silty
] clay (OR) '
115— ) ) 25 -2.1
_E I , | -93.8 Loose to medium dense black sllty coarse 20,6 H
_ o ta fine sand and. cearse to fine gravel ’
SH/8H
- * Drilled with wmud, no water levels (sulsi) h.}
1 avallable ‘ - I L P
- 30 4 —\ J
-1 ¥ rs Firm to stiff dark gray organlec clayey 67,0
= allc to silty clay, traces of Fine to
-1 d v wedlum aand and gravel (0l)
Zl ‘ Jozi2e?
: a5y T T s e e e e e e (o
— i s Trace fine gravel |ewaly 44.9 56 | 34 M,
- B Va
P i 40 '
T Ps 53.2
.
i B vs
- .5 e ez L
- Continued on Sheet 2 of 1
Completion Deptn__ L16.5  Feet Waler Depth___.¥ _____ Feal Date__4/26/88 Completion Dapttv 1063 __ Feat Walsr Depth ... Feul Dulami"-_/'M.ﬂ_ .
Prolact Name . DuFone-Cherey Talund-Cel) 4 . Pralecl Humber . 88CI0620_ _ .. Projuct Nama _._Pubont=Cherey luland-tell & .. Projuet Numbar | BBC20AZN

Woodward-Clyde Consultants. % Woodward-Clyde Consuitants %;?




WO -RP T

Completion Depih

DuPont~-Cherry Island-Cell 4

Water Daptho . & .. ..

Project Name

Pra)ect Number _88C20428

A-21
LOG of BORING Ho. 1-107 Sheet 2 of 3
DATE _4[14/-19/88 suprACE ELEVATION 22:3 __ LpcATION _See Plate 2
- [41]) :
oy 'E ¥
= gz 5. =
= 5 5 z Ly
i gw DESCRIPTION 5 G 12t (e
B3] &3 G |LZ18E[3E |ty
45 I ul o [2Ud|(@ 3|0
i =23,
P e fe s PRI
] Vs See below
50 T, B P SO
Ps With some fine sand -29.7 87| 40 |g K
{ g Firm to atlff dark gray organic clnyéy 7=
stlc to silty ¢lay, traces of fine ro
55 medfun sand and gravel (OH)
5 Ps 62.9
Vs
60 —i
 Ps 87.1
B Ve
| 65~
3 Fs 64,0 [ 85] 38 |o,M
Tx
Vs
70—
5 66,1 1 85| 39, |
a
75
s 66,3 80| 39 |G,k
=
M vs
~57,7
80 ~n e — T T e e
Fs Trace gear =59,7 |142.7
M Va
85—y ¢
K es 49.4 | 64133 fo,M
. Tx
s
90 ~ - T T T T e T e e[ e —1- —
Contdoued on Sheee 3 of 3
106.5 Feot Feal Daws,_ 4/20/88

A.
LOG of BOR'NG NO. Th-107 Shesr 3 of
paTe A/LA-19/88 e ELEVATION 22,3 __ LocATion _ Sur Pluic 2
- w) m ) P
= z o~
cg! 23 2 2 o
= rd FO £
|2l £& DESCRIPTION £ gu (o fE E.
4| 2 bo1E%|33|95 E
‘;’0 S5 o $0 1533 3|5]
i7 Hedium dense to dense dark gray sllry 21.0 20 19. | H
fine to coarse sand and filne to coarse :
gravel wich silcy clay lepses (SM/SW) L0,y
| 95
36 10.9
Loo
43 .7
~80,2
VYery stiff multicolored (brown, red-
105 brown, green, gray-green, plok) £lac
21 -| sandy clay (CLY 84,2 190
=1 4 Drilled with mud, no water levels
- avallable
|Gomptetion Depth_ 106.5 Feat, Walar Dapth A Feal LDare _AS20/88
Project Name __PuPont-Cherry lsland-Cell 4 Project Number __BBCI0AZN

Weoodward-Clyde Consultants

&

Woodwu‘d-Clyd-n Consullants @
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A-23

LOG of BORING No.

A-2

TB~108 Sheet 1 of 3
DATE _4/29 = 5/3/88nrack ELEVATION 22.7 __ 1pcaTion  See Plate 2
- 1k -
= (5] F4 *x
L = -
= =
ElE] 2% E |5 lanlex
i i DESCAIPTION = G |Scibeie
) i — CE|BEISEE
a ke b} ;:cé o éﬁ 51@
Seft to firm dark gray organic clayey
gtlt to silty clay with mortled organic
3 Lrown ailty sand near surface (SM/OH) 65,5 | 91 43
5H
3 Ps 75.5
4 V&
10~
| P 66.4 95149 |'G
i Vs
15 : .
1 ps 5.7 |27.0] nplnp
® Vs Medium deunse dark gray silty sand wicth
Litcle gravel, lenses of organie silty
2OTH g clay (8M/8W)
i 21.0
ag 3 =2 53.0
Flrm to stlff dark gray organic clayey :
gilt to ailcty clay with trace to little
sand and gravel, lawinatlons of fine
sand near cop (OH}
a5 Ps 51.6 | 70 {40
q Vs
‘s 1 |
i I
se—g.F° 51.9
Vs
3™ Continued cn Sheet 2 of 2
03 eeat Water Depth—-" % Fesl Dalg_3/4/88

Compietion Dapih

Project Name

Dulant - Cherry Island - Cell 4

B8C2042B

Project Number _22=F

_DATE“ZB—SM/BB

LOG of BORING No. w-won

2.7

SURFACE ELEVATICN LOCATIGN

Sheer 2 of 3

See Place 2

49

54

59

b4

LT

sand and gravel (OIl)

. w
= *
<l | 82 5 i
= = z w0k

I~ g =
a i DESCRIPTION < ERETa btk
b EX i FREEIEEE
44 il w =0 Jdjad|ol

Firm to stiff dark gray orgunie clayey 33,5

sile to silty clay with trace to litcle

01,0 47| 25

4.4

Woodward-Clyde Consultants &

74
51.7 I
79 52,3
B4
55,1
89 —| e e e et e e e i e | e e 2 e a R
Continoed ou Sheer 3 of 3
Cnmpléliun Dﬂplh__l.go_'é___f"eel‘ Waler Depib_.... b . ' ¢ Daw_5/4/88

Dupont - Cherry island - Call 4

Projaci Name

t el 1 Number . BBC2042B

YYoodward-Clyde Consultants ﬁrﬁ
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A-25

A

LOG of BORING No. 1100

Stheet 1 uf ]

LOG of BORING Mo, 1103 sheet 3 of 3
DATE 4/25-3/3/88 SuURFACE ELEVATION 2.7 . LocATioN __See Plate 2
] e w
= F3
7|2 g2 & 5
I =5 L X A£1Q
izl 26 DESCRIPTION 5 fie |Eclbelfip
) a3 o We |ISElye W
) T ] Y& |82 EE =i
89 « ) TL [LJd(aT|okF
- bs See_above -67.1
Very dense dark gray to brown sandy
wravel leele 8ilt, trace organic, be-
coming Light gray sllty gand {CH/SH}
g4 _ 71 - H
99 -76.3
87 Very stiff multicolored {gray, red-gray, 8.8
o Breen-gray, browm) clay with little: —Ee
sand {CH) |
] * Driiled with mud, no water levels
7] available
-
- v
Campietion Depth 1905 Fegy Wealer Deptho—. * ___ Fesl. Dale. 3/4/88
Project Name _VuPont - Cherry Island - Cell & _ Projeg) Number _B8C20428

Woodward-Clyde Consuftants %

DATE 4/26=28/88  gyprace £y pvation 2.8 _ yocation _ Sk: Plate 2
o ] -
= g 2 8 w
E —-,‘E = frd LD =
. 2h DESCRIPTION £ S8 8c|b|e
1] -] ul = = j FiLw
o -] o R EIREI
0 v L O |2XJ]a J|0OF
Firm mulricolored (red=brown, arange,
dark gray) silc, trace organle matter,
: trace Efne sand, trace wica (ML)
3 h7.9
. 18,7
3 Soft to Flrm durk gray organlc clayey ¢,
"M Ps silv with trace gravel, crace mlea (O03) Y. 4 ne lwe |11
R Vs
10—y
i Ps 72,3
| v
15
15 54.Y
4.8
Hedlum dense dark gray coarse to floe
20 — sandy coarse to fine gravel, trace silr
E 12 (GW) .7
25 —i
|45 13.7
30 =
= L] 21.3
5y
H 12 33,6
[ID R
| ] 26,3
-40.7
Dark gray arganlec clayey slit, Lrace
45 fine to coarse gravel (pi) -1 TT—{" 1t~
ContInued on Shewt T of 4~~~ — 7
Completion Cepth___199:3  Fagy | al Dalg_ 4/29/88

Walor Dapth A L F
DuPont-Churry Islund-{el]l 4

Project Name

———- Projset Number _ﬁE‘EEAZB .

Woodward. Clyde Consultants e



WALTON CORPORATI_A

Drilling Contracter BLOWS OGN

_ CASING B
P. 0. BOX 1097, NEWARK, DELAWARE 1971]
0- 1
BORING LOG 1- 2
. 2- 3

_—

3- 4

v.Llaland. Expsnsion. «.oooiiiiiiii . PROJECT No. . 78C0Q05. ... ... *%L%~__q_

EOP et e raree ety SUPERVISOR ................ .1 §-
7- 8
NG NO. DRILLEE DATE 8- D

W29 3. Bethard 2-3-78 N ST

FHER |[SURFACE ELEVATION DATOM i N

Sunnvy T . ol .97 10-11
= 1112

Ssmple Depth Strata *Blows 12-13
ple | Depth - Feet Feet Driller’'s Description of Materials A 13-1¢
% From To Prom To YRT]

15-18

-

o
N
i

=
=

B

T WS s

N
[§]

RN

&
Ne}
<
o
o

fon
o
AN
o

A

hoad
s
o
)
LR
L
A~ N P

oY)
\J

—

bh,o b5, 5

49.0150.5

sh.ool55,5] Same ' 1
59.0 60,5 Firm Dk, Cray (layey Silt w/F 1

i 1.0 2.5 0] 3-0 1rm R‘r‘nlr f‘la}robr g‘T-}'f". 1U’/'H?‘z‘1' 2 1 18-17
13-20
6.0 7.0 Soft Dk. Gray Organic Clayey Sitl wH
23-73
15.5 - _ 25-28
. .28-29
i Dense Gr. G/F Sand Tr. Gravel
7 7 21-32
sand Tenses ' 3435
REme
1 37-3%

sSand Lenses ' : 17-18
20-21
9.0 |10.5 Pirm Di. Gray Org. Clayey Silt | wH
I |23-2¢
Dense Gr. C/F Sand & Gravel 11§14 |zazr
12| 9 ) 29-30
39.0iM Dense Gray C/F Sand w/Gravel

32-33
P }85-36

2

R
'%

Same - : - ) 1

4.0 |5.5 [3.0 | Soft Dk. Gray Organic Clayey Sit] WH 1819
a1-23
14.0]15.5 |[15.5|Gray C/F Sand & Gravel . 1
24-25
M Dense Gr. C/F Sand Tr.Gravel of1g |28
30-81
0l39:0 50,5139, 0 Pirm Dk. Gray Clavey Silt w/F
_ | | ' 33-3¢
36-37
3510

r{:'\r.uk\)l-—"
b hg [N e

| 40-41
41-42
Sand Lensas 4243

67.0 1Sams 43-14

44-45
. Rirm Dk, Gray Silky Clay w/Veg 45-48
45-47
47-48
3| 48-48.
49-50
umber of blews of 140 1b. hammer dropped 30 in. required to drive 2 in. split-spoon sampler for each of thredq S0-3%
increments., 51-52
umber of blows of 300 Ib, hammer dropped 18 In. requirved te drive ....... In easing 12 Inches. jﬁL_____H
: - _ . 53-34
Ho A/L.on.Ro85.2.172. 5. cviirnnnnn PSSP S S
55-58
58-57
57-53
58-58

1 5 0 Moot _— ]
: 55-82

8661

AL, 0
A9 .0
74,0
79.0

in
.

»
Un yn
()
3

]

A
AV N B AV

Same
80.5 |Same Material

QO3 1P

ot
SR N O SN
VISR S N

fo o3 NI o L 0

{\w

...................................................................................................

GROTUND WATER

.........................................................




LoG

45

= Rkr i

e

- ] ; " .
- R - - - - - -
|
LOG of BORING No. w-32 LOG of BORING No. %32 (con't)
DATE 2/13/78-2/14/78 SURFACE ELEV. __26.2 1ocation See Plate 2 DATE _2/13/78-2/14/78 __ SURFACE ELEV.. 24:2 LOCATION_See Plate j_
b [T} [l Tl
g ool e g | oem
x‘g e DESCRIPTION = wl SulpEimn A HEY DESCRIPTION bt wd i) -y PR
HHEE & |£x|2E|321EE AHES 5 |£E 2E|3F(ER
"‘n"o“‘ H . i so|odlaaler arive W #8|55|aS|e
45 -
2 Soft browm and gray clayey ailt with h
‘I vegetat Lon 5 1.2 70.0 ) J
j i Soft to firm dark gray organic clayey
5‘-l 0 ' 70.4 50'-| 0 silt with sand lenees
k g
_I [} 77.5 |
ﬂ soft dark gray organic clayey|silt E ~28,8
mml L : 30. § 55_' 4
] 11,2 ]
[}
[~] “ o
S ].5-,-| 4 | Soft dark gray orgenic clayey silt with 64. 3 60~| 3
o sand lenges j
=
= i - 6.2 ]
1 20..-.{"-"19 Hedium dense gray gravelly l:ilty conrge 28.1] M 65:-' 8
e 1 to fine sand |
4 1.2 1 ¥irm gray organic silty clay with
i Medium dense gray silty gravelly fine ] vegetation
2520 | oon . 42,8 nf o
] i - 2.8 1
]
3o—| 4 75-| 1
1 ]
-] 2 oo 1 - ~56.3
7 Soft to firw dark gray organic clayey j
] ailt with sand lenses ; ]
w 85—
] 2 N
A 11 . 7
COMPLETION OEPTH.___ .. Walir Depth Date COMPLETION DEPTH__ 80:3'  Wuter Deptho—L:0] Dore_ 2114778 .
SAMPLER: 1" Q.D. IPLLT BARNEL SAMPLER SAMPLER: 7 0.0. SPLIT BARREL SAMPLER 1.0' 3/ 1/78 &




. INEEE DR DS AR (oo

et P VR T [
LOG of BORING No. ¥-33 LOG of BORING No, w33 (con't.)
[DATE _2/21/78-2/24/78 __ SURFACE ELEV. __24.2 ;ocnqonw DATE . 2/21/18:2/22/78 __ SURFACE ELEV. _20.Z LOCATION See _flace 2_
i w . -
Wl bl - b= o [V
RHEE - e R I
=EER DESCRIPTION 5 |wB|2e|Erjmn 15 58 DESCRIPTION g |uBlec|Ecee
HEHEE B EH R HHEE £ |Bc|3zl3=|ER
i e *=8i33|zAlsr gl g/ |®3|sZjeS|a
0 45,
\ 0 | -22.8
5 0 50 3
o | Very soft to soft browm and| gray 1 . T ¢
clayay silt with vegetation 3 T 59,3 68 |35 T
1 Soft dark gray clayey silt with fine
] 0| gand lenses
10- 0 55+
- 10,7 )
R : _
E 154 3 : 60§ » 35.8 | gs.of A1 | 35
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USGS Surface Water for USA: Peak Streamflow Page 1 of 2

Geographic Area:

National Water Information System: Data Categorys
United States

Water Surface Water

Resources Web Interface

Peak Streamflow for the Nation
USGS 01477800 SHELLPOT CREEK AT WILMINGTON, DE

Available data for this site  Surface-water: Peak streamflow e
Output formats
New Castle County, Delaware m
Ei?ﬁﬁé‘ég?g}»ﬁ?%g%ﬂf’fﬁggﬁﬁgi 75°31/07.3" NADS3|| 222 jl
Drainage arca 7.46 square miles Tab-separated file ,
Gage datum 15.16 fect above sea level NGVD29 WATSTORE formatted file 1
J IReseIect output format
Gage Stream- Gage Stream-
‘z:;ir Date Heigght flow ‘Z’:;ir Date Heigght flow
(feet) (cfs) (feet) (cfs)
1945 Aug. 01,1945 8.50 1976 Jul. 11, 1976 448 1,050
1946 May 18,1946 4.90 1,340 1977 Mar. 22,1977 5.66 1,670
1947 May 01,1947  6.52 2,140 1978 Aug. 28,1978 6.63 2210
i 1948 Nov. 04,1947 5.13 1,440 1979 Sep.30,1979 630 2,020
1949 Dec. 30, 1948  3.63 715 1980 Nov. 26,1979 474 1,200
1950 Aug. 03,1950 3.35 565 1981 Aug. 08,1981 531 1,500
1951 Nov. 25,1950 4.80 1,290 1982 Apr. 03,1982 470 1,180
| 1952 Jul. 09, 1952 8.60 4,080 1983 Mar. 21,1983  6.03 2,020
1953 Jul. 23, 1953 3.83 785 1984 Jul. 07, 1984 6.05 2,040
1954 Dec. 14,1953 3.92 830 1985 Jul. 31, 1985 8.87 4,390
1955 Aug. 18,1955 6.73 2,280 [ 1986 Jan.25,1986  4.43 1,010
1956 Jul. 21, 1956 492 1,330 1987 Sep. 13,1987 591 1,940
I 1957 Nov. 02,1956 427 1,000 1988 Feb. 12,1988 4.79 1,210
1958 Apr. 06,1958 4.55 1,140 1989 Jul. 05,1989 13.76 8,040
1959 Jun. 02,1959  5.34 1,540 1990 Aug. 06,1990 6.20 2,140
1960 Sep. 12,1960  6.12 1,930 il 1991 Aug. 09,1991 6.67 2,490
1961 Apr. 13,1961 4.68 1,210 1992 Jul. 31, 1992 4.75 1,230
1962 Mar. 12,1962 3.72 730 1993 May 31,1993 558 1,700
1963 Aug. 01,1963 3.37 560 1994 Jul. 26, 1994 8.26 3,830
1964 Jan. 09,1964 431 1,020 1995 Jan. 20, 1995 493 1,330
1965 Jul. 11, 1965 4.24 990 l 1996 Jan. 19,1996 585 1,890
I 1966 Feb. 13,1966  3.65 695 1997 Jun. 13,1997  5.60 1,720
1967 Aug.27,1967 9.10 4,650 1998 Jan. 23,1998 529 1,530
1968 Dec. 03,1967 471 1,220 1999 Sep. 16,1999 895 4,460

http://nwis.waterdata.usgs.gov/nwis/peak?site_no=01477800&agency cd=USGS&format=html 2/2172007




USGS Surface Water for USA: Peak Streamflow

1969 Sep. 03,1969 442 1,080 2000 Jun. 28,2000  6.32
1970 Aug. 01,1970 620 1,970 2001 Jun. 16,2001  4.95
1971 Sep. 13,1971 11.91 6,850 2002 Jun. 24,2002  3.75
1972 Jun. 22,1972  6.66 2,240 2003 Jun. 20,2003  8.75
1973 Jun. 29,1973 631 2,030 2004 Jul. 12, 2004 8.74
1974 Aug. 23,1974 8.00 3,300 2005 Apr. 02,2005 6.17
1975 Mar. 19,1975 5.08 1,390 2006 Jun. 02,2006  8.02

Page 2 of 2

2,230
1,340

660
4,270
4,260
2,120
3,620

Questions about sites/data?

Feedback on this web site
Surface Water for USA: Peak Streamflow
hitp://waterdata.usgs.gov/nwis/peak?

Retrieved on 2007-02-21 14:20:34 EST

Department of the Interior, U.S. Geological Survey
Privacy Statement || Disclaimer || Accessibility || FOIA || News || Automaged Retrievals
1.4 1.4 nadww(l

hitp://mwis. waterdata.usgs.gov/nwis/peak7site no=01477800&agency cd=USGS&format=html

Top
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GEOMEMBRANE LINER DURABILITY: CONTRIBUTING FACTORS AND THE STATUS QUO

lan D. Peggs
[-CORP INTERNATIONAL, Inc.

Abstract

Regulators and engineers have sufficient confidence in the durability and long-term integrity of
geomembrane lining systems to require their use as barriers between potential contaminants
and groundwater. Yet experience with such lining systems covers only about 30 years.
However, in that period adequate performance has been demonstrated. But how long will
such geomembrane materials last before ultimate degradation or failure?

In the case of municipal solid waste landfills chemical dissolution and degradation of the
typical high density polyethylene (HDPE) geomembrane is considered to be a non-issue.
Ultimate durability will be a function of the stress cracking resistance of the specific HDPE resin
used, the effectiveness of its antioxidation additives, the stresses generated in the
geomembrane during installation and landfill operation, and the stress relaxation rate. The
potential influences of each of these phenomena individually, and synergistically, on the lifetime
of geomembranes are considered.

Introduction

It is interesting to note that environmentalists frequently claim that the plastic bags that float
around in the oceans are a peril to wildlife for ever, yet they also claim that specially formulated
and designed plastic based landfill lining systems are bound to fail in a relatively short time!

In our technical world the lifetimes of HDPE geomembranes in landfill lining systems have
been variously estimated to be between 200 and 750 years. At the other end of the scale
installed HDPE lining systems in other applications, typically exposed pond liners or cast-in
concrete liners, have not lasted 6 months without failing. “Failing” is practically defined as
developing a leak.

Of the many HDPE geomembrane liners that have “failed” in the past 20 years, all have failed
in a very limited number of ways, but none have just “worn-out” or generally degraded to
nothing, nor is it expected that they will. However, our practical experience with HDPE
geomembranes is limited to about 25 years. Polyvinyl Chloride (PVC) has been evaluated after
30 years, and polypropylene (PP) is quite young at about 10 years. North American municipal
solid waste (MSW) leachate is typically quite benign, as shown by the model for a standard
testing leachate in Appendix A, to the extent that in the USA chemical resistance tests of HDPE
are now rarely required. Many EPA 9090 “Compatibility Test for Wastes and Membrane Liners”
tests have been performed with MSW leachates and none have been shown to damage the
geomembrane - the degradative effect of MSW leachate on HDPE can practically be ignored.

HDPE liners in landfills and other applications fail or are made to fail as follows:

Inadequate welding and attachment to structures
Imposed stresses during construction

Mechanical damage during construction

Stress cracking at stress points

Service stresses that separate welds

C:\Documents and Settings\I\Local Settings\Temporary Internet Files\OLK61C\UK IGS June 03 10 March.doc



Except for poor welding and damage induced during installation HDPE geomembranes have
generally only failed by stress cracking (a fundamental performance characteristic of HDPE) , or
as a combination of oxidation followed by stress cracking (SC). Stress cracking is essentially a
brittle cracking phenomenon that occurs at a constant stress lower than the short term yield
strength or break strength of the material. Itis a consequence of the semi-crystalline
microstructure that gives the HDPE its good chemical resistance and high strength. PVC liners
have cracked from loss of plasticizer at elevated temperatures and under ultraviolet radiation
(UV) exposure, and PP has also experienced cracking at elevated temperatures but without UV
exposure. However, PVC, PP, and LLDPE, are not susceptible to SC in the as-manufactured
condition as is HDPE. Break times as a function of constant stress for five as-manufactured HDPE
geomembranes are shown in Figure 1. At the higher stresses close to the yield stress, break
occurs in a ductile manner. At lower stresses, below the knee in the curve, break occursin a
brittle manner - the ductile slope cannot be extrapolated to give a lifetime at a lower stress.

100

Percent Yield Stress

10 T L S R R R | T T 7 TTrrIr| T T rTrrrirg T T T T T ™7 T TIrry

A 1 10 100 1000 10000

Failure Time (hr.)

Figure 1 Stress rupture curves for five HDPE geomembranes (Hsuan et al. 1992)

It is frequently stated by some in the geomembrane and gas pipe industries (Peggs (2003)),
Thomas (2002) Brown (1993)) that the only meaningful parameter that requires specification for
HDPE is its stress cracking resistance (SCR). This is the only parameter that reflects the wide
range of mechanical durabilities of geomembranes made from the different HDPE resins. All
other index properties (tensile, puncture, and tear) are essentially identical in all HDPE
geomembranes. Fortunately, as a result of the failures that have occurred, resins,
geomembranes, and welding equipment/procedures used in landfill lining systems have
significantly improved. LLDPE and PP do suffer from SC, but only when their antioxidants are
depleted and they oxidize.
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Such failures have been more evident in exposed lining systems in ponds, lagoons, and
concrete basins where restrained contraction stresses are cyclic as temperatures change,
where the geomembrane is not confined between two layers, where leakage is more evident,
and where the damage can be seen. There have effectively been no known in-service failure
events that have occurred in solid waste facilities in North America that cannot be ascribed to
external influences. However, HDPE and PP have cracked on wrinkles under a hydrostatic head
and there has recently been cracking in reinforced PP (RPP) on the underside of floating covers
at the bottom of drainage troughs.

Double lining systems in US landfills that allow continuous monitoring of leakage flow rates
through primary liners into the leakage collection, drainage, and removal systems (LCDRS) have
shown no spikes related to punctures or liner degradation in service caused by events solely
within or very close to the lining system. However, HDPE liner lifetimes considerably in excess of
those experienced to date (maximum about 25 years) are desired and obtaining such lifetimes is
the subject of this paper.

Discussion

Geomembrane liners are ideally designed to be installed without stress. They are simply
intended to act as a barrier. Clearly, a zero stress installation is practically impossible to
achieve — wrinkles are unavoidable. But without mechanical tensile stress a liner cannot be
made to break and leak, making such an objective, or the means to tolerate it, desireable.
However, while general chemical degradation due to leachate does not occur, the presence
of chemicals such as chlorinated solvents, acids, and detergents in contact with a stressed
HDPE geomembrane may result in environmental stress cracking (ESC) where the chemical
accelerates the fundamental stress cracking phenomenon. ESC is taken advantage of in
laboratory tests that are performed in a surface active detergent at elevated temperature
(50°C) to accelerate failures so they occur in a reasonable time, but without changing the
fracture mechanism and morphology.

Impermeability

It must be recognized that nothing is absolutely impermeable. Apparent “leakage” may also
occur through diffusion of vapor (solvent and water) through amorphous regions of the HDPE
geomembrane, which then recondenses on the opposite side. Sangam and Rowe (2002), Park
et al. (1995), and others have shown the diffusion rates of various organic liquids and solutions
through geomembranes, but while these liquids are absorbed by the HDPE, which causes it to
soften they do not cause a continuing and permanent degradation. When the liquid
environment is removed the solvent vapors volatilize out of the geomembrane which recovers
its original properties. In general the softening of the geomembrane while in service will be
beneficial in allowing the liner to better conform to subgrade profiles and differential settlement
without significant stress, thereby reducing the possibility of stress cracking. In fact the
diffusing/absorbed organics act as a plasticizer for PVC which, when it dries out may then crack.
Thus it remains flexible in service, but becomes brittle when exposed and tested. However, a
similar phenomenon may have occurred in one case in which HDPE was exposed to creosote in
a chemical resistance test - a 70% reduction in SCR was observed when the HDPE was removed
from the creosote and all organics had desorbed. Itis not known if this is a standard
occurrence after exposure to organic liquids. In another case, in the presence of sulphuric
acid, wrinkles in 3 mm and 5 mm thick HDPE liners caused by naphthalene, kerosene, and
aromatic hydrocarbon absorption did suffer stress cracking as a result of oxidation caused by
the acid at temperatures of about 70°C.

Giroud and Bonaparte (1989) have shown (Table 1) that water vapor diffusion through 1 mm
HDPE geomembrane with a head of 300 mm (the maximum allowed in MSW landfills), is
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approximately 0.8 Iphd. Therefore no individual HDPE geomembrane can be considered
absolutely leak free. This is the reason for the philosophy of double lining systems. Equivalent
diffusion rates through LDPE and PVC geomembranes would be approximately factors of 45 and
115 higher due to their different densities and more amorphous microstructures. However, such
diffusion “leakage” pales into insignificance compared to stone punctures and bulldozer blade

rips.

Table 1: Water vapor diffusion through a 1 mm HDPE geomembrane

Water depth on top of the geomembrane, h,,

>10m
(>30 ft)

0-03 m 0-3 m Im
(0-1 f1) (1f1) (10 fr)

Om 0-003 m
(0fr) (0-01f1)

Coefficient of

migration, mg (m%s) 0 9x107° 9x107® 9x 107" 9x 107 3x 107"
Unitized leakage rate, g

(m/s) o 9% 1077 9x107% 9x107" 9x 107" 3x107'°

(Iphd) 0 8x10™°  0-008 0-8 80 260

(gpad) 0 8x107%  0-0008 0-08 8 28

In US landfills, analyses of primary leachates have shown them (Table 2) to be relatively
benign, with pH values close to 7 and no high concentrations of any damaging components.
By the time the components of the compacted bottle of detergent or solvent in the waste have
drained to the level of the liner they are well diluted and do not cause an environmental stress
cracking problem in the HDPE.

Table 2. Analysis of MSW landfill leachates (Tchobanoglous et al, 1993)
Vafue, mg/L®
New fandilll (less than 2 years) Mature landfil
. — {greater Whan
Constilusal Range® Typlcal” 10 years)
BOD, {5-day blochemical axygen demand) 2,000-80,000 10,000 100-200
TOC [todad sgariicc carbon) 1 /500-20,000 6,000 80-160
GOD {chemical oxygan demand) 3,000-80,000 18,000 100-500
Total suspended sciids 200-2.000 500 100-400
Organic niyogen 10-800 200 80-120
Anmania pilrogen 10-800 200 20-40
Mikrate 5.40 25 5-10
Tbial phosphorus 5-$00 30 610
Ortho phosphorus 4-80 20 4-8
Alkalinky as CaCO, 1.000-19,000 3,000 200-1,000
pH 45-7.5 G 86-7.5
Tolal haxiness as CalOy 200-10.000 3,500 200-500
Calcium 200-3.000 1,000 100-400
Magnesim 501,500 250 50-200
Polasstum 200-1,000 amn S0-400
Sodium 200-2,500 SO0 100-200
Chiovide 200-3,000 500 100400
Suifate 501,000 300 20-80
Total iron £0-1,200 BO 20-200
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Oxidation

The major environmental agency of concern in US landfills is oxidation. The Geosynthetic
Research Institute has performed a number of thermal aging studies (Hsuan and Koerner (1998),
Hsuan and Guan (1998)) to develop an estimated liner lifetime. Samples of different HDPE
geomembranes were placed in ovens or simulated landfill environments at temperatures
between 55 and 115°C for up to 2 years. Typical mechanical properties were periodically
measured. The depletion of antioxidants was determined by measuring standard oxidation
induction times (OIT) at 200°C and high pressure oxidative induction times (HP-OIT) at 130°C.
Hsuan and Koerner (1998) heated five different geomembrane samples in forced-air ovens. The
as-received OIT and HP-OIT values varied widely, again demonstrating the differences in
durability between geomembranes from different manufacturers. Retained OIT values after
aging at 65°C are shown in Figure 2, and changes in OIT and mechanical properties at 95°C are
shown in Figure 3. The latter shows that mechanical properties are not changing as AO
depletion occurs. Hsuan and Guan (1998) state that mechanical properties do not change
until all AO has been consumed. An Arrhenius plot for OIT test data is shown in Figure 4 from
which the activation energy for depletion of AO indicates that all AO is depleted at a service
temperature of 20° C in three of the geomembranes after approximately 60, 80, and 100 years.
Note, again, that the different HDPE geomembranes behave quite differently. At the point of
complete AO depletion the mechanical properties start to degrade. Thus there is another
period after AO depletion during which the polymer itself degrades (oxidizes) and during which
the measured property degrades to a defined critical level, often considered to be 50% of its
original value. The time at which this occurs is termed the half-life.

100
8 o |
T 3
| r
3 80 f
A :
E 7 F >
Q [ ]
= [ -
L ﬁﬂ_— -
so b T e ]

0 50 100 150 200 250
Incubation Time (days)

2

Figure 2 Aging at 65°C
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Figure 5 Equipment for aging in simulated landfill environment

Hsuan and Koerner (1998) report data on one HDPE geomembrane exposed in a simulated
landfill environment as shown in Figure 5. The geomembrane sample was confined between
two sand layers at a pressure of 260 kPa. A 300 mm head of water was maintained above the
sample and the complete assembly was heated. Similar changes in properties were observed
as shown in Figure 6. In this case the estimated time to AO depletion was calculated to be
between 200 and 215 years. Itis longer than in the laboratory tests because of the more limited
access of fresh oxygen to the surface of the geomembrane in the confined environment.

Aging procedures are still underway to assess the post-AO-depletion degradation of the
material’s properties.

150

Percent Retained

0 T T T T T 1
0 5 10 15 20 25 30

Incubation Time (month)

Figure 6 Changes in properties of geomembrane in simulated landfill environment
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Hsuan and Koerner’s (1998) hypothesis is that degradation of the geomembrane is a three
stage process, as shown in Figure 7: 1) depletion of AO; 2) induction time to onset of polymer
degradation, and; 3) degradation of the polymer and loss of mechanical properties. This will
likely occur when samples are exposed without stress in an oven and under a uniform
compressive stress in a simulated field environment. However, when the geomembrane is
under tensile stress or has shear stresses imposed on/in surface layers at the same time as
oxidation is occurring, the kinetics of degradation will not be as simple to model. Oxidation and
SC will interact synergistically. Hessel (1990) indicates that when an HDPE specimen is thermally
aged under stress it fails completely when the AO is consumed, as shown in Figure 8. At the
higher stresses close to the yield stress the material fails in a ductile mode before oxidation
occurs. At the intermediate stresses a premature (compared to ductile region extrapolation)
brittle SC break occurs before oxidation occurs. But at the lower stresses when the AO is fully
consumed and oxidation occurs before the extrapolated SC curve, break is even more
premature. Therefore, there is a constant competition between the rate of depletion of AO
and parallel or subsequent oxidation and the initiation of stress cracking as to which initiates
failure first. In practice, oxidation within a continuously propagating and opening crack tip will
further accelerate the crack growth rate.

— : --f-—--rd——-—h-i o € I A = depletion time
100 | | of antioxidants
E ! I B = induction time to onset
. | | | of polymer degradation
g J_ i ' C-ﬂmtﬂm:h:rﬂ‘i
————— - = - —— degradation of a
ﬂ | | l particular property
Lo !
L ¥
Aging Time (log scale)
Figure 7 Stages of aging and degradation
Messung - —leExtrapolation S

n | 20°¢ '
o | Ductile
Q | |
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o
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Brittle (no AQ)
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Figure 8 Stress rupture curves as a function of temperature
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In fact, a conventional measurement of OIT will not indicate the true situation since oxidation
will first occur on the surface where cracks will be initiated as soon as there is an adequately
thick surface layer for the local stress to initiate a crack. When a conventional OIT test is
performed, using the full thickness of the geomembrane as the specimen, the measured OIT will
not be an indicator of the condition of the surface of the material. For instance if 10% of the
thickness is fully depleted of AO the measured OIT will indicate a 90% retention of OIT, the same
as if the complete thickness of the geomembrane were oxidized only 10% — not something that
would normally cause concern. But, a completely oxidized surface layer and the cracks that
would be initiated in it would be of concern. Thus there will be a continuing synergism between
the kinetics of oxidation through the thickness of the geomembrane and the kinetics of stress
cracking.

Stress Cracking Resistance

The significance of the rates of initiation of stress cracks on the surface of a geomembrane
followed by crack propagation into the body of the geomembrane was further shown by
Cadwallader (2001). He found that coextruded textured material made with a surface layer of
low stress cracking resistance (apparently recycled polymer) would cause the accelerated
cracking of core material with otherwise high SCR. Thus a core material that had a single point
notched constant tensile load stress cracking resistance of over 1000 hr failed in 324 hrin an
unnotched tests when coextruded with a textured surface layer made with inferior quality resin.
The cracks were easily initiated in the textured surface layer but did not slow down when they
met the core layer. Thus it is easier for a crack to propagate into a core layer than it is for a
crack to initiate and propagate within that material alone. In general it was concluded that
random surface textures may reduce the SCR of the basic smooth geomembrane. This will not
occur in structured-surface geomembranes with their designed reproducible profiles on sheet of
a uniform thickness.

In practice a confined HDPE geomembrane will only fail in the long term either by stress
cracking at points of constant stress — stone protrusions, stresses across seams, creased wrinkles,
textured surfaces. Stressed areas have also been seen at temporary dividing berms where the
vertical pressure of waste has caused the berm to spread laterally on the continuous liner — there
may be wrinkling on one side of the berm and significant tension on the other side

The author clearly has concerns about double textured liners on side slopes where there is a
higher shear resistance on the top surface than on the bottom surface of the geomembrane
with the result that the geomembrane becomes a load-bearing member of the system due to
the induced shear stress. This is a major disconnect since on one hand the liner is designed to
be without stress but on the other hand it is textured to hold soil on slopes. And, as indicated
above, the presence of the surface texture will, at the same time, cause a reduction in the SCR
of the geomembrane itself - to different degrees in the different types of textured and structured
profiles. When a slide occurs on a slope and the geomembrane tears, it is always assumed that
the geomembrane tears as a result of the soil movement. Itis equally possible that the
geomembrane may experience stress cracking, as a consequence of the induced shear stress,
that initiates critical movement of the soil. All such geomembrane tears should be examined for
regions of stress cracking within more extensive overload tears with their ductile elongations.
Shear stresses induced in textured surfaces will be of much more significance in the forthcoming
bioreactors with their higher temperatures and more extensive settlement along side slopes.

The use of smooth top surfaces on geomembranes will have significant positive impact on the
service life of a geomembrane - covering soils would better be provided with veneer stability by
geogrids or high strength geotextiles, or by using an HDPE geomembrane with much higher SCR.
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The kinetics of stress crack initiation and propagation increase at elevated temperatures as
shown schematically in Figure 8. However, stress relaxation also increases as temperature
increases resulting in a permanent race between stress cracking and stress relaxation as to
which will prevail. If the induced stresses can be sufficiently reduced before cracking is initiated
cracking will not occur. Also to be factored into this argument is oxidation of the
geomembrane, for all HDPE geomembranes have required antioxidant additives that protect
them against oxidation at the elevated temperatures during and after extrusion, during welding,
during weld repairs, and during service. Once the additives are all consumed in providing
protection, only very small tensile stresses will be sufficient to cause fracture.

The influences of the different textures and performance characteristics on the durabilities of
HDPE geomembrane are reflected in recent work performed by Peggs et al. (2003b) to evaluate
the maximum allowable strain in HDPE and other geomembrane materials used as a separation
barrier between old waste and new waste in an MSW landfill vertical expansion. This work was
done in response to the regulators requiring no more than 1% strain in the separation
geomembrane independent of the polymer used. At another project the engineer was
requiring an HDPE geomembrane in a lining system to experience no more than 0.25% strain at
any location. This is practically impossible to achieve. These specifications are clearly a
misunderstanding of the German BAM requirements (Seeger and Mdiller, 1996) for a maximum
global strain of 3% and maximum local strain (at individual stone protrusions, for example) of
0.25%. More realistically, the following maximum strains are being recommended:

e HDPE smooth SCR<1500 hr 6%
e HDPE smooth SCR>1500 hr 8%
e HDPE random texturing 4%
e HDPE structured profile 6%
e LLDPE density <0.935 g/cm3 12%
e LLDPE density >0.935 g/cm3 10%
e LLDPE random texture 8%
e LLDPE structured profile 10%
e PP unreinforced 15%

The measurement of strain is used as an indirect measure of the stress that exists in a
geomembrane that might result in stress cracking. While this is clearly important for HDPE, it is
not as significant for other materials that are not susceptible to SC unless oxidized. The objective
is to limit stress to a subcritical value where stress cracking will not be a practical problem.
However in a confined situation the stress will be applied very slowly to the geomembrane as the
adjacent soils move, and the geomembrane will be able to relax resulting quite rapidly in
geomembrane stresses that are maybe 50 % of the value implied by the deformation.

Stress Relaxation

While the benefits of stress relaxation are apparent it is not a topic that has been thoroughly
studied for geomembranes. Soong et al. (1994) investigated stress relaxation in a 1.5 mm thick
HDPE geomembrane with initial stresses of 40, 50, and 60% of yield stress (at test temperature)
and initial strains of 1, 3, and 5%, at temperatures between -10 and 70°C. These were quasi-
biaxial tensile tests using 100 mm wide by 50 mm gage length “wide width” tensile specimens.
Initial loading was done quite quickly to minimize stress relaxation on loading. As shown in
Figure 9 whatever the starting conditions, there was a trend to a very narrow range of final, but
still significant stresses, after about 100 days. The relaxation modulus curves (stress/strain as a
function of time) for a given starting condition could be superimposed into a master curve for a
given relaxation temperature, as shown in Figure 10 for an initial 3% strain and a temperature of
10eC.

C:\Documents and Settings\I\Local Settings\Temporary Internet Files\OLK61C\UK IGS June 03 10 March.doc



CICTETE TR 1L

L, 10°C
15000 *~., ssssmnes 3000

g ."\..‘ w500
% 10000 1+, Neay FOT st
-

0 b | — Y g PP | |

102 101 10° 10! 102 103 104 103
Time (mins)
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Figure 9 Geomembrane stress relaxation data
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In this case 50% of the applied stress is removed by relaxation after 50 minutes with final
equilibrium being achieved at about 30% of applied stress after 11.4 years. At higher
temperatures the stress would relax more quickly. The equilibrium residual stress is between 2500
and 4000 kPa, between about 13 and 21% of the room temperature yield stress. Note that the
strain was applied far more quickly than will occur during subgrade settlement, so in the landfill
significant stress relaxation will occur during deformation. Soong et al. (1994) stated:

“Trial tests were performed initially to determine the suitable loading rate. The results
suggested a rate of 12.7 mm/min as being appropriate........ At slower rates a very significant
amount of stress relaxation occurred during the loading process....”

Also, note that Soong et al. (1994) concluded:

...... other HDPE geomembranes will undoubtedly respond differently than the HDPE
studied....... ”

Thus all HDPE geomembranes are not the same, just as their SCR performances are not the
same.

These stress relaxation rates compare well with those generated by Soong and Koerner (1997)
for stress relaxation in waves in HDPE geomembranes under a uniform vertical loading. After
1000 hr at temperatures of 23, 42, and 55°C they found stresses relaxed between 60 and 78%
leaving residual stresses of between 1% and 22% of the yield stress. Recollect that SC occurs
below about 40% of the yield stress, in the range of these residual stresses. However, these tests
were done under semi-confined conditions (waves raised off a flat support surface) while the
Soong et al. (1994) tests were done under unconfined conditions. Under semi-confined
conditions the residual stresses were lower than for unconfined specimens, possibly a result of the
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stress relaxation occurring during loading. Under fully confined conditions the residual stresses
would probably be even lower.

Fracture Mechanics
The HDPE natural gas distribution pipe research supported by the Gas Research Institute (now

part of the American Gas Association) since the late 1970s has involved the development of
fracture mechanics methodology to forecast lifetimes of high and medium density PE pipe and
joints for system operating conditions — typically a well established internal pressure and
temperature. Slow crack growth tests on laboratory specimens at elevated temperatures are
used to develop empirical relations for the initiation and rate of crack growth as a function of a
measure of the crack driving force and temperature. Kanninen et al. (1993) found that biaxial
stress and temperature shifting rather than conventional uniaxial time temperature shifting
(superpositioning) was more appropriate for gas pipe materials. This is because the semi-
crystalline microstructure causes a change in strength of HDPE as temperatures change and this
change also contributes to changes as a function of time. The shift functions for pipe HDPEs are

very simple:

ar= exp[-0.109(Ts-Ty)] for horizontal (time) shifting
br = exp[0.016(Ts-Ty)]  for vertical (dependent variable) shifting

where Ts is an arbitrary (service) temperature (°C) relative to a reference (test) temperature Tr.
However, note that while these shift functions are the same for all MD/HDPEs tested the
reference behaviors of the various PEs were different. As shown in Figure 11 rate curves and
ductile/brittle transitions can be reproducibly shifted to any temperature within the variability of

data generated at that temperature
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(b) Consolidation of data at reference temperature of 40°C

Figure 11 Use of bi-directional shifting to consolidate SC data on HDPE gas pipe
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The small amount of testing performed on geomembranes implied the same behaviour as for
pipes and with very similar simple shifting functions. The mechanical durability of HDPE
geomembranes would be a function of the resin used to manufacture the geomembrane, the
geometry of the liner feature being evaluated (plain geomembrane, extrusion seams, fusion
seams, textures/structures), the stress distributions, and the temperature. All these parameters
synergistically influence the stress intensity factor responsible for crack initiation and
propagation. They would be very difficult to predict for geomembranes, although
simplifications could be made to assure lifetimes in excess of 100 years relatively quickly (Popelar
et al. (1998).

The potential lifetime of an HDPE geomembrane as a result of crack initiation and
propagation under a given set of environmental parameters has been initiated but is far from
being finished. Along with the rate of AO depletion at service temperatures, this is the testing
that will provide the data necessary to predict the durability of any given HDPE geomembrane.
A start on applying the lessons learned from studies on HDPE gas pipe has been made by
Kanninen, et al. (1992, 1993) who investigated the fracture mechanics of HDPE geomembranes
and the possibility of performing accelerated tests at elevated temperatures then shifting rate
curves to lower service temperatures. Two heuristic calculations were made of the lifetimes of
a seamed geomembrane with stress cracks in the center of the weld and in the geomembrane
at the edge of the seam (Figure 12) simply as a result of a lower service temperature compared
to the installation temperature — i.e. as a result of contraction stresses. As shown in Figure 13, a
stress crack approximately 0.2 mm deep would propagate through a liner at a temperature 3°C
lower than the installation temperature in approximately 1.5 yr. At a temperature difference of
120C final failure would occurin 0.3 yr. And at a 12°C difference a stress crack 0.08 mm deep
would have a failure time of about 0.4 yr, while a 0.3 mm deep crack would have a failure time
of about 0.2 yr. While these scoping calculations generate very short crack penetration times it
should be noted that baseline measurements were made on a material with low stress cracking
resistance. The calculations also assume a constant load (no stress relaxation) and no confining
pressures. Nevertheless, these calculations do show the ability of fracture mechanics,
accelerated testing, and shifting of data to predict the failure times of specific HDPE
geomembranes with given flaws in specific environments. Then, armed with a definition of
critical flaw sizes, CQA monitors will become more effective and equipment can be developed
to quantify observed defects and to mark them as critical or sub-critical. The latter need not be
repaired. This is far better than the present blanket specifications which typically require no
surface defect to exceed 10% of the thickness of the geomembrane while not having an
instrument to easily measure it.

/- Flaw at center of seam weld

v T l /_ Flaw at corner of secam weld
o <t !

— o

Figure 12 Model used in lifetime calculations
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Figure 13 Break times at notches due to contraction stress

Specifications

At present protection against SC is typically considered to be provided if the geomembrane has
a break time exceeding 200 hr in the ASTM D5397 notched constant tensile load test as
promulgated in the Geosynthetic Research Institute GRI.GM13 standard “Test Properties, Testing
Frequency and Recommended Warrant for High Density Polyethylene (HDPE) Smooth and
Textured Geomembranes” Revision 2, 1999. Some materials have break times of 250 hr, others
have passed 10,000 hr without breaking. Thus, all HDPE’s are not identical - some are far
superior to others in their resistance to SC. These are the ones that should be used for maximum
durability. Specifying “HDPE” for a critical geomembrane is akin to specifying “Steel” for bridge
construction without identifying types and grades.

In the same GRI.GM13 standard adequate oxidation resistance is assumed if a
decomposition time exceeding 100 min is obtained in the ASTM D3895 oxidation induction time
(QOIT) test. But this test performed at 200°C does not necessarily reflect the oxidation resistance
at lower service temperatures, since different AO packages have different components that
protect the geomembrane over different temperature ranges, as shown in Figure 14. For
example, phosphates only protect above 150°C while hindered amine light stabilizers (HALS)
only protect below 150°C. Thus, a passing OIT at 200°C does not necessarily guarantee
acceptable behaviour at 80°C, and vice versa. However, in most instances GRI has shown a
relationship between oxidation rates at the two temperatures, but Peggs (2003) reports two
instances where adequate SCR and OIT values did not result in adequate long term
performance. In the first case an SCR of 240 hr and an OIT of 101 min did not prevent cracking
of an HDPE geomembrane on exposed landfill liner slopes after 8 years. Cracks occurred on the
longitudinal folds of the round-die manufactured geomembrane, in and along seams, and in

the covering patch at burn-through protrusions. The material had lost all of its AO additives and
had measured OITs of zero and 3 min.
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Figure 14 Effective temperature ranges of no additive components (Fay & King (1994))

In the second case a hew HDPE geomembrane that had an SCR of 540 hr and an OIT of 240
hr , far exceeding the GRI.GM13 specifications, just met the specification for thermal aging (at
859C) but miserably failed the UV resistance test with a retained OIT of 35% compared to the
specified >50% retained OIT. Thus there is much that we do not yet know about the oxidation
rate of HDPE geomembranes at different temperatures.

Peggs et al. (2002) are attempting to develop a single material durability factor (MDF) that
combines the SCR with an oxidation factor determined at 85°C. A Fourier Transform Infrared
Spectroscopy specimen (simulating a thin surface layer on a bulk sample) is heated in an oven
for a given time then the change in carbonyl group content, representative of oxidation, is
monitored. It was found necessary to heat the specimen in an oxygen rich air stream at 90°C
for at least 24 hr in order to start seeing significant changes in the carbonyl group peak. More
recent testing by Thomas (2003) suggests that testing at 85°C in a high-pressure oxygen
atmosphere may be necessary to generate sufficient oxidation in a thin specimenin a
reasonably short time — 20 to 50 hr. Such an MDF will not quantify the time at which leaks will
occur in a given lining system but it will facilitate a qualitative ranking of the durabilities of HDPE
geomembranes made from different resins and with different AO packages. Then when
experiments and calculations are made to determine the lifetime of one or two product, others
can be scaled accordingly.

However, to further complicate matters, the exact combinations of circumstances that
generate stress cracking are also not well established. In a pulp mill black liquor pond
(effectively a confined situation) at an incoming liquor temperature of about 70°C
environmental stress cracking (due to detergent in the liquor) occurred at the tops of wrinkles in
an indiscriminate fashion — small wrinkles on the floor were cracked but large kinked wrinkles at
the toes of slopes were not. Intermediate wrinkles on the slopes also cracked indiscriminately.
Therefore, it is impossible to predict the combinations of parameters that will generate
environmental stress cracking.

Wrinkles have also caused problems in HDPE liners in concrete basins in mining facilities where
cast-in liner has been used on walls and around the periphery of the floor, and loose liner has
been used on the floor. Absorption of organic components of heap leach process solutions
and swelling of surface layers has caused large wrinkles to build up against the peripheral weld
between loose and anchored liner with the result that every millimeter of weld experiences a
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significant peel stress. The weakest segments of the welds have separated. That this happens
may not be too surprising when liner seam specifications often allow one of the five peel and
shear specimens to fail — a 20% failure rate. When such a seam has separated the long term
durability of the liner is compromised even more because it is very difficult to make an effective
repair weld on liner containing absorbed organics. Such repair/peel/repair/peel behavior
continues. Ultimately the acid component of the elevated temperature solution might oxidize
the liner with resultant stress cracking on the tops of wrinkles and along the edges of welds.

A survey of many colleagues reveals that none are aware of any leakage that has
developed in a landfill bottom liner after a facility has been placed in service that is not due to
external influences. However, a landfill in Minnesota had a bulldozer nick near a sump during
construction that was repaired. The system, with waste on the floor, operated without any leak
indication for about three months. Leakage then started at a rate of about 5000 Ipd,
equivalent to a hole of about 6 mm diameter under a 300 mm hydraulic head (Giroud and
Bonaparte (1989)). Electrical leak surveys on top of 9 m of waste and die testing suggested that
the leak was not at the same location as the sump and the repaired patch. Unfortunately, the
suspected leak was not excavated to confirm its existence and to determine its cause. There
have been a number of instances where leakage rates have suddenly increased after some
time, but these have generally been found due to an increase in the primary leachate level
above original defects in the liner that previously were not leaking.

Surveys by Bonaparte and Gross (1990) and others since then have showed that leakage
rates through the primary liners of ponds and landfills vary significantly from effectively zero to
quite significant values (3300 Iphd). A typical Action Leakage Rate in US landfills at which leaks
must be found and repaired is 200 Iphd. This is not difficult to achieve. However, when a
requirement for 70 Iphd was not met at one hazardous waste project attempts to make repairs
only resulted in a higher leakage rate. At a double lined concrete basin project a few drips
from the leakage detection system was not considered satisfactory performance by the owner
who insisted that repairs be made; the drips increased to a steady flow which could not be
stopped. Surveys performed by Koerner et al. (2000) have shown (Figure 15) leakage rates at
different stages of a landfill lifetime in different types of lining systems to taper off during closure
to be very low - less than 1 Iphd Koerner (2003 — personal communication) is not aware of any
HDPE landfill liner that has developed a hole in service from anything other than an external
influence, such as a bulldozer.
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Figure 15 Primary liner leakage rates at different stages of landfill lifetime.
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Nosko et al. (1996, 2000), and Rollin (1999) have clearly shown the locations, frequency, and
causes of leaks made in liners during their installation, covering, and early stages of operation.
Their data are summarized in Table 3 and Figure 16. In covered liners most damage (over 70%)
is caused during placement of the cover soil, and only 24% of leaks occur in seams. However, in
exposed liners almost 80% of leaks are on seams.
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Table 3: Statistics of Liner Damage
WHEN/WHERE AMOUNT DETAILS AMOUNT
Liner installation 24% Extrusion 61%
Melting 18%
Stone Puncture 17%
Cuts 4%
Covering 73% Stone Punctures 68%
Heavy Equipment 16%
Grade Stakes 16%
Post-Construction 2% Heavy Equipment 67%
Construction 31%
Weather, etc. 2%
Flat Floor 78% Stones 81%
Heavy Equipment 13%
Corner, Edge 9% Stones 59%
Heavy Equipment 19%
Welds 18%
Under Pipes 4% Stones 30%
Welds 27%
Heavy Equipment 14%
Worker 15%
Cuts 14%
Pipe Penetrations 2% Welds 91%
Worker 8%
Cuts 1%
Road, Storage, etc. 7% Heavy Equipment 43%
Stones 21%
Worker 19%
Welds 17%
Leak density Leak index
(leaks/ha) (leaks/ha/ha)
16,00,
14,0 * & ¢ Colucci
12,0 * — - 150
10,0 domestic wastes &
8,0 - 100
6,0
4,00p, - 50
2,0 o
0,00¢# = t + ' v
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Figure 16 Frequency of leaks in primary geomembrane liners
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Summary

In summary, an HDPE geomembrane used in a landfill is most unlikely to fail due to conventional
chemical degradation as a result of being in contact with MSW leachates. HDPE
geomembranes have adequate chemical resistance to endure and retain their integrity well
beyond other factors that will cause a liner to fail. However, if the leachates contain unusually
high concentrations of oxidizing acids, chlorinated solvents, or detergents that remain constantly
on the liner for considerable times, environmental stress cracking may occur. By far the
predominant mode of failure is due to man-induced damage during construction, such as stone
punctures, bulldozer damage, and depth stake puncturing. When this type of damage is
precluded or stabilized, premature failures will then only occur by simple stress cracking, or
oxidation followed by stress cracking at regions of induced stress such as creases and wrinkles,
stone protrusions, seams, textured surfaces, etc. The susceptibility of the liner to these kinds of
stresses will be a function of the SCR of the specific resin used, and such resistances presently
vary by a factor of about 500.

The durability of an HDPE geomembrane is a function of the following;

e The SCR and OIT of the resin used and of the geomembrane itself

o The knowledge of the design engineer in selecting and specifying the most appropriate
HDPE, and designing the liner for minimum stress on slopes, at sumps, at penetrations,
and in anchor trenches.

o The knowledge of the engineer in designing the system to accommodate the interim
stresses between installation and design operating conditions

¢ The knowledge of the engineer in specifying adequate puncture protection for the
geomembrane.

o The ability of the manufacturer to produce a consistent homogeneous material with a
minimum number of internal and surface flaws and with effective antioxidation additives

o The smoothness, uniformity, and density of the subgrade

The quality of the installation — lack of wrinkles, intimate contact with subgrade, seams,

penetrations, minimum extrusion welding, minimum shear stress on slopes.

Quality of CQA

Placement of cover layers

Operation of equipment on cover layers

Placement of first layer of waste

If all of these items are optimized it is expected that an HDPE geomembrane in an MSW
landfill should last for about 400 yr. Exposed liners are another matter altogether, clearly
depending on the exposure conditions and requiring a better understanding of oxidation rates.
Perhaps 75 years is an appropriate place to start. But lifetimes exceeding 100 years may not be
necessary since, by then, there will be better things to do with present waste and it will be being
mined with unusable components disposed of in better ways - maybe even atomized to
nothing. Future generations will not want to maintain sealed cells of their forebears’ waste, in
the same way that there are presently very few infrastructures that we are using that are in their
1875 -1900 as-installed condition. We delude ourselves if we think we have the ultimate solution
to waste containment and disposal. Nevertheless we should still target the maximum
geomembrane and liner durability within existing technology.

Once a liner has successfully been installed and there is no leakage the only internal
influences that can cause additional leaks are such things as:

e Wrinkles and protrusions causing SC before stress relaxation can occur
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¢ Wrinkles at seams causing slow peel separation and propagation of critical, but not then
penetrating, flaws in seams

e Crazesinduced by peel separation initiating stress cracking at the stressed seam prior to
stress relaxation occurring

o Shear and peel stresses at overheated and over-ground seams adjacent to wrinkles
initiating stress cracking.

e Elevated geomembrane temperatures causing oxidation and accelerating stress
cracking if stress relaxation is not accelerated in proportion.

e Stress cracking on slopes with randomly textured liner on the top surfaces prior to waste
stabilization.

All of these possibilities can be minimized by the use of an HDPE geomembrane with high
stress cracking resistance and good oxidation resistance. In practice, if settlement stabilizes and
if no failures have already occurred it is unlikely that any subsequent failures will occur.

Conclusion

In practice, while one can make any number of aging and degradation calculations of
lifetimes, half lives of specific index mechanical and physical properties, and activation
energies, the practical performance of a lining system is presently controlled by human
activities. Once the liner is installed and working without leakage the development of further
leakage is a function of its stress cracking resistance, its oxidation resistance, the stresses
generated, and the stress relaxation rate. The synergism between these performance
characteristics is extremely difficult to predict. The most meaningful technique would be to use
a fracture mechanics approach. However, as is evident, this still requires a significant amount of
research effort. In assessing the development of flaws the most important thing to note is that
all HDPEs are not the same - their mechanical durabilities can vary by a factor of 500.
Specifying “HDPE” for a critical lining system is somewhat akin to specifying “Steel” for a bridge
without identifying types or grades. Should the golf course decorative pond be lined with the
same liner as a hazardous waste liquid pond as is presently done?

In the meantime, the best solution is to select a geomembrane with the highest stress
cracking resistance and the best performance in the GRI.GM13 thermal aging test, and to install
it carefully. Exposed liners will also require the UV resistance test. With a high SCR HDPE liner
the emphasis will even more be on the care of design engineers, installation contractors,
general contractors, CQA firms, and owners to ensure that the liner has no holes in it when it is
placed in service.
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EXHIBIT E

TRANSPORTATION RISK CALCULATION (2007)



Exhibit E
Transport of Excavated IRM by Train from the Hay Street Site for Off-Site
Incineration and Disposal

In the evaluation of remedy, implementation risks for the Hay Street IRM staging area,
ENVIRON (2005) calculated the risk of transportation-related accidents, both fatal and nonfatal,
resulting from the transfer of excavated IRM by truck to off-site incineration and disposal
facilities. The current evaluation calculates the corresponding transportation-related risk of fatal
and nonfatal accidents if the transfer were to occur by train instead of by truck. Whenever
possible, to maintain consistency with the previous calculation of risk associated with transport
by truck, the same assumptions were used in calculating the risk of fatal and nonfatal accidents
due to hauling by train. Tables 1 and 2 show the calculations.

Based on statistics published by the Federal Railroad Administration (USDOT, 2007), the rates
of transportation-related accidents using train hauling were calculated to be about 1.0 fatal
accidents per million train-miles and about 7.3 nonfatal accidents per million train-miles. These
accident rates were calculated by dividing the total number of accidents (either fatal or nonfatal)
by the total number of miles traveled over the period 2003 through 2006 on Class 1 railroads.
Statistics for Amtrak were not included because Amtrak is principally a passenger railroad.

As shown in the tables, approximately 120,000 train miles must be traveled under the off-site
incineration and disposal scenario. This assumes that 500,000 tons of excavated IRM would be
transported by train from the site to a permitted incinerator in East Liverpool, Ohio, and the
incinerated material would then be sent to Model City, New York, for landfilling. The calculated
risk of a transportation-related fatal accident under this scenario is 1 in 8. These estimates do not
include the additional risk from hauling excavated material from the IRM site to the rail yard,
which, assuming 89,000 total truck miles and an incidence of transportation-related fatalities of
1.1 x 10°®, would add an additional fatality risk of about 1 in 3,000 (a negligible increase).

Consistent with the truck transportation analysis, the 1 in 8 risk of a fatal accident during train
transport is based on round-trip miles. If it is assumed that rail transport would not require round
trips by the trains, then the risk of a fatal accident would be reduced to about 1 in 16. If rail
transport were used only between the site and the incinerator and truck transport were used
between the incinerator and the landfill, then the overall risk of a transportation-related fatality
would be between 1 in 8 and 1 in 16.

The calculated risk of transportation-related fatalities for truck-hauling was 1 in 13 (ENVIRON,
2005). Thus, the risk of a transportation-related fatality from train-hauling (i.e., in the range of
approximately 1 in 8 and 1 in 16) is comparable to the risk of a transportation-related fatality
from truck-hauling.
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Table 1: Predicted Incidence of Transportation-Related Fatalities: Transport of Excavated IRM by Train
for Off-Site Incineration and Disposal

Symbol Parameter Name Units Parameter Value Basis
Mm Mass of material to be transported tons 500,000 DuPont
Mc Capacity of railcar tons 100 Engineering estimate
Nc (Nc=Mm/Mc) Number of railcars needed cars 5,000 Calculated
Nct Number of railcars per train cars 50 Assumption
Nt (Nt=Nc/Nct) Number of trains required (one-way) trains 100 Calculated
Ntrp Number of trains required (round trip) trains 200 Calculated
D Length of designated route (one-way) miles 600 Estimated from Mapquest.com. See note (1).
TMT (TMT=Ntrp x D) Train miles traveled on designated route |[train-miles 120,000 Calculated
Aft transport fatalities per train-mile 1E-06 published by Federal Railroad Administration,
Office of Safety Analysis. See note (2).
Fs (Fs = Aft x TMT) Predicted |n'c.|dence of transportation- fatalities 0.12 Calculated
related fatalities
R (R=1/Fs) Risk of Transportation-Related Fatality fatality risk 1in8 Calculated
Notes

(1) Consistent with the analysis of potential risks associated with trucking of IRM from the Hay Street site (ENVIRON, 2005), this evaluation assumes
that excavated IRM would be transported by train from the site to a permitted incinerator in East Liverpool, Ohio, and the incinerated material would then
be sent to Model City, New York, for landfilling.

(2) Fatality rate calculated by dividing the total number of fatalities by the total train miles traveled during 2003-2006 on Class | railroads except Amtrak.
Data retrieved from http://safetydata.fra.dot.gov/OfficeofSafety/ on February 27, 2006.




for Off-Site Incineration and Disposal

Table 2: Predicted Incidence of Transportation-Related Non-Fatal Accidents: Transport of Excavated IRM by Train

Symbol Parameter Name Units Parameter Value Basis

Mm Mass of material to be transported tons 500,000 DuPont

Mc Capacity of railcar tons 100 Engineering estimate

Nc (Nc=Mm/Mc) Number of railcars needed cars 5,000 Calculated

Nct Number of railcars per train cars 50 Assumption

Nt (Nt=Nc/Nct) Number of trains required (one-way) trains 100 Calculated

Ntrp Number of trains required (round trip) trains 200 Calculated

D Length of designated route (one-way) miles 600 Estimated from Mapquest.com. See note (1).

TMT (TMT=Ntrp x D) Train miles traveled on designated route |[train-miles 120,000 Calculated

Anft Avgrage non-fatal accident rate for rail no_n-fatgl accidents per 7E-06 Calculated from statistics for 2003-2006
freight transport train-mile published by Federal Railroad Administration,

Office of Safety Analysis. See note (2).

Fs (Fs = Anft x TMT) Predicted incidence 9f transportation- non-fatal accidents 0.88 Calculated
related non-fatal accidents

R (R=1/Fs) Risk of Transportation-Related Non-Fatal |\ o1 o ccident risk 1in1 Calculated
Accident

Notes

(1) Consistent with the analysis of potential risks associated with trucking of IRM from the Hay Street Site (ENVIRON, 2005), this evaluation assumes
that excavated IRM would be transported by train from the site to a permitted incinerator in East Liverpool, Ohio, and the incinerated material would then
be sent to Model City, New York, for landfilling.

(2) Non-fatal accident rate calculated by dividing the total number of non-fatal accidents by the total train miles traveled during 2003-2006 on Class |
railroads except Amtrak. Data retrieved from http://safetydata.fra.dot.gov/OfficeofSafety/ on February 27, 2006.




EXHIBIT F

ESTIMATED VOLUME OF PURE PHASE
HEXACHLOROBENZENE IN IRM AND DM



Estimated Volume of Pure Phase Hexachlorobenzene in IRM and DM

Schnabel estimated that the amount of pure product ranges from approximately 10 and 90 L/m?®.
However, when DuPont used the same basic calculation approach, the results indicate that
Schnabel’s estimates are not possible and are 1,000 times greater than the potential amount.

The following calculation provides an estimate of the upper limit for the potential amount of
pure phase HCB in soil based on measured soil concentrations. Assuming there is no HCB in the
dissolved phase, air phase, or sorbed phase (i.e., all HCB is in pure phase, a conservative
assumption), the total soil concentration is related to the volume of pure phase HCB as follows:

m
m VHCB (L)XpHCB (gj
g L
CTotal ( j = (1)
Kg 3 Kg
Vsoil (m )X pb (3)
m
where:

Crotal = total soil concentration (the measured soil concentration)
Vices = volume of pure phase HCB in soil sample

Prce = density of HCB

Vit = Volume of soil sample

pp = dry bulk density of soil

In addition,
py = psx(1—n) @

where:
ps = density of soil solids
n = soil porosity

The rearrangement of Equations 1 and 2 yields the volume of pure phase HCB as a function of
the soil HCB concentration:

Cras[ o eVl a= K9]

Vics (L) = il 3)

m
Phrics (LgJ

Note that Equation 3 provides an upper limit estimate of the potential volume of pure phase HCB
in the soil sample. The actual amount will be lower because some of the measured HCB mass
would be dissolved in the residual moisture of the sample, HCB would be sorbed to organic
carbon in the soil, and some HCB would be in the vapor phase (if the soil is unsaturated).
Despite this conservative approach, the calculated volume of pure phase HCB indicates that the
volumes predicted by Schnabel are overestimated by a factor of about 1,000 (see Table 1A).
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Based on the maximum measured soil concentration and a range of potential soil porosities, the
estimated volume of “pure product” in the IRM is from 0.01L/m® to 0.09 L/m? (Table 1A),
which is equivalent to 0.001% to 0.009% by volume.

For the DM, the estimated volume of pure phase is from 0.0005 to 0.001 L/m?® (0.00005% to
0.0001% by volume) (see Table 1B). Thus, even these upper-limit calculations indicate that pure
phase HCB is essentially absent from the DM.

Physical Properties and Immobility of Hexachlorobenzene in IRM and DM

The above calculations demonstrate that without consideration of other factors, the presence of
pure HCB in the IRM would be1,000 times less than the estimates provided by Schnabel and that
these potential volumes of HCB are negligible to nearly zero. Further, because the melting point
of HCB is 231°C (448°F) (http://www.atsdr.cdc.gov/toxprofiles/tp90.html) at these levels, HCB
would be present in solid form (as white crystalline solid). Therefore, the HCB is not a NAPL
that will migrate from the IRM or DM, as suggested by Schnabel.

HCB has a very high organic carbon partition coefficient and is therefore strongly adsorbed to
the carbonaceous IRM, the carbon fraction of the DM, and to soil organic matter. Therefore, it is
generally considered to be immobile with respect to leaching (http://www.atsdr.cdc.gov/
toxprofiles/tp90.html). Past TCLP analysis of IRM confirms this. In addition, the solubility of
HCB is 0.006 mg/L, which is extremely low. (For comparison, consider the common
groundwater contaminants benzene and trichloroethylene, which have a solubility of 1,750 mg/L
and 1,000 mg/L, respectively.) Therefore, even for the remote possibility that significant
infiltration penetrates the capping material and seeps through the IRM, there is no risk to
groundwater contamination because the solubility limit for HCB is over 300 times less than the
RAO of 1.9 mg/L.

Conclusions

The above calculations and discussion clearly demonstrate that any residual HCB that is present
in IRM and DM does not pose a risk to current or future groundwater quality.
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TABLE 1A

Estimated Volume of Pure-Phase Hexachlorobenzene (V ycg) in 1 m? of Iron Rich Material

(Based on C 1oy = 54.96 mg/Kg)? |(Based on C 14y = 12.37 mg/Kg)?

Schnabel This Report Schnabel This Report

Report (Equation 3) Report (Equation 3)
n Ve (L) Vies (L) Ve (L) Vies (L)
0.20 94.64 0.09465 21.29 0.02130
0.25 88.72 0.08873 19.96 0.01997
0.30 82.81 0.08282 18.63 0.01864
0.35 76.89 0.07690 17.30 0.01731
0.40 70.98 0.07099 15.97 0.01598
0.45 65.06 0.06507 14.64 0.01465
0.50 59.15 0.05915 13.31 0.01331
0.55 53.23 0.05324 11.98 0.01198
0.60 47.32 0.04732 10.65 0.01065

ps (Kg/m®) = 4,400 [b]
Prces (MA/L) = 2.044x10° [c]
Vsoil (mS) =1.0

TABLE 1B
Estimated Volume of Pure-Phase HCB (Vcg)in 1 m? of Dredge Material

(Based on C 1oy = 1.1 mg/Kg)?
Schnabel This Report
Report (Equation 3)
n Vics (L) Vics (L)
0.20 1.05 0.00105
0.25 0.99 0.00099
0.30 0.92 0.00092
0.35 0.86 0.00086
0.40 0.79 0.00079
0.45 0.72 0.00073
0.50 0.66 0.00066
0.55 0.59 0.00059
0.60 0.53 0.00053
ps (Kg/m®) = 2,450 [d]
Prce (MA/L) = 2.044x10° [c]
Vsoil (mS) =10
Notation: Equation 3:
C 1ota = measured soil HCB concentration K
m
Ve = volume of pure-phase HCB CTotal(KgJ ><Vsoi,(m3)><(1— n). p{g
ps = density of soil solids Vies(L)= g m
Puce = density of HCB pHCB(mg)
V sil = volume of soil References: L
n = porosity a Lancaster Labs
mg = milligram b Schnabel Report (Table 5-1)
Kg = kilogram ¢ http://www.atsdr.cdc.gov/toxprofiles/tp90.html
L= liter d Schnabel Report (Table 5-2)

m?® = cubic meter
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1.0 INTRODUCTION

The purpose of this report is to discuss the results of a chloride- leachability
study performed on Iron-Rich 101. The primary objective of this study was to
determine the dissolved chloride concentration in the drainage system on a
monthly and annual basis by coupling the results from the pore flush study with

the Hydrologic Evaluation of Landfill Performance (HELP) model.

This leachability study was completed in accordance with the Dlj Pont
Environmental Remediation Services fron-Rich 101 Chloride Leachability Study
Work Plan dated July 1, 1992, This report presents the laboratory procedures

used and the results and conclusions of the study.
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2.0 BACKGROUND

Iron-Rich 101, a solid product containing a relatively high concentration of
chloride, is proposed for use as a capping material at the Cherry Island Landfill.
During rainfall events, it is expected that the chlorides will be washed from the
Iron-Rich material and carried into the surface water collection sy,stefn to be
discharged through future National Pollutant Discharge Elimination System
(NPDES)-permitted outfalls into the Delaware River and Shellpot Creek.

An extensive study on the kinetics of chloride removal from Iron-Rich 101 was
completed by the University of Delaware. This study shows that the
desorption of chlorides from Iron-Rich 101 is a first-order nonchemical kinetic

related process. This study also indicated that
¢ The rate of the chloride removal decreased with number of flushes.

¢ No chemical reactions occurred during the course of the study.

Based on the results of the kinetic study, a leachability evaluation was designed
using a flexible wall permeameter and the HELP model to determine the
maximum dissolved chloride concentration that can be transported into an

NPDES-permitted outfall during individual rainfalls.

v
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3.0 SAMPLE COLLECTION

The Iron-Rich 101 was obtained from the Edge Moor plant. These samples
were delivered to the laboratory one day prior to the experiment. The Du Pont
Engineering Testing Center (ETC) analyzed the material for total chloride
content. Results from this analysis provided the total chloride concentration

occurring in the Iron-Rich 101 material prior to being flushed.

Du Pont Environmental Remediation Services * 3
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4.0 LABORATORY PROCEDURE

4.1 PORE FLUSH STUDY

In the laboratory, the leachability study was performed on the following

two types of samples:
e "asis"

e "as is/dry" samples

The "as is" sample was retrieved from the sample provided by the Edge Moor
plant without further treatments. The "as is/dry" sample was prepared by
drying the "as is" sample at 110°C overnight after flushing the sample with
10 flush volumes or void volumes. This was performed to simulate the wet/dry
seasonal changes and evaluate the effect of drying on the removal of chioride

from the Iron-Rich 101.

The sample was tightly packed into a flexible-walled permeameter.
A catalogue description of this permeameter and the control panel is included
in Appendix A. The permeameter is designed so that constant pressure can be
applied to the top, bottom, and sides of a sample. Maintaining an equally
higher pressure along the bottom and sides and a lower pressure on the top,
the water is forced to flow from the bottom to the top of the permeameter.
To provide a constant head drop across the soil sample, the difference between

the top and bottom pressures was kept constant throughout the study.

Similar infiltration conditions for the soil samples were established by
maintaining a similar rate of water flow into and out of the specimen. As
expressed by Darcy’s Law, flow rate is a function of cross-sectional area,
pressure head, and apparent permeability of the soil. For this study, the

apparent permeability of the sample changes with degree of compaction and

Du Pont Environmental Remediation Services * 4
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percent moisture; therefore, the hydraulic head applied to the samples was
adjusted accordingly to compensate for these differences. Table 1 presents the

hydraulic pressure applied to each sample, the resulting flow rate, and the

permeability of the samples.

The water leaving the permeameter was drawn into a collector. The collector
was replaced every flush until a total of 10 flush volumes or void volumes were
collected. For this study, the flush volume of Iron-Rich 101 was approximated

by the following equation:

V, = (A) (H) (n)
where V., = volume of the voids milliliter (ml)
A = cross-sectional area of the soil sample (square inches)
H = sample height (inches)
n = porosity of lron-Rich 101

The total void volume is the amount of water needed to saturate the soil
sample. The total void volume of Iron-Rich 101 used in this study was
calculated to be 15 ml. This is determined using a porosity of 20 percent
(based on historic data), a sample height of 3 inches and a cross-sectional area

of 1.54 square inches.

The water samples collected from this study were analyzed for free chloride ion
concentration. A combined chloride electrode was used for this analysis. For
this study, a total of three standards of 0.1, 0.01, and 1 molar sodium chloride
solution was prepared to establish a calibration curve for the chloride analysis.
Figure 1 depicts the chloride concentration and its corresponding response

value in millivolt.

The residual chloride concentration was determined by sending the soil sample

from the pore flush study to the ETC for total chloride analysis.
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4.2 HYDROLOGIC EVALUATION OF LANDFILL
PERFORMANCE MODEL

- The HELP model was used to identify the infiltration into the drainage system

through the proposed cap design at the Cherry Island Landfill. The proposed

cap consists of

e A final grading layer on the waste to provide a stable base
for subsequent system components.

* An impermeable layer of a 20-ml geomembrane.

* A 12-inch sand layer with a hydraulic conductivity of
1 x 102 centimeters per second.

e A final cover with 18 inches of soil to provide rdoting depth
and moisture for plant growth and 6 inches of topsoil to
support vegetative growth.

See Figure 2 for the cross section of the proposed cap design, assumptions,

and inputs as simulated by the HELP model.
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5.0 RESULTS AND DISCUSSIONS

Table 2 presents the free chloride detected in the flush water from each of the

flushes. Figure 3 is the plot of chloride concentration verses the number of

flushes.

The results indicate that a majority of the chloride ions were removed from the
"as is" sample during the first three flushes. The chloride concentration
decreases with the number of flushes and reaches an asymptotic state after
eight flushes. A similar phenomenon was observed for the "as is/dry” sample,
but lower chloride concentrations were detected and the maximum chloride
concentration was not reached until four flushes afterward. This is most likely
due to a local equilibrium between the solids and solution having to be

established prior to removal of chloride.

Table 3 demonstrates the mass balance between the initial total chloride
present in lron-Rich 101 and the total amount of chloride removed from the
pore flush study. The results indicate that 72 percent of the chloride was
removed during the first three flushes and a total of 91 percent chloride was
removed after 10 flushes from the "as is" sample. Drying of the flushed
sample drops the rate of chloride removal; however, this is expected because
time is required for the chloride ions to partition from the solids into the
solution. It is believed that drying the flushed sample does not inhibit the

removal of chloride from the Iron-Rich 101.

Table 4 shows the monthly drainage collected from the drainage system
computed from the HELP model and the corresponding pore volumes for a
1.4-square-inch-diameter soil sample. Data shows that a total of 110 ml or an

equivalent of seven flushes at 15 ml per flush will be infiltrated through the
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capping material after one year. It is estimated that a majority (greater than

70 percent) of the chloride can be removed three to four months after the cap

is installed.
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6.0 CONCLUSION

The following conclusions were drawn based on the results from this study:

® Approximately 72 percent of the chloride was removed from the "as is"
sample the first three flushes. A total of 91 percent of the chloride was
removed from the "as is" sample after 10 flushes.

¢ Drying the flushed sample drops the rate of chloride removal, but this is
expected since time is required for the chloride ions to partition from the
solids into the solution. It is believed drying the flushed sample does not
inhibit the removal of chloride from the Iron-Rich 101.

® The HELP model results show that an equivalent of seven flushes at
15 ml per flush will be infiltrated through the capping material after
one year. Itis estimated that a majority (more than 70 percent) of the
chloride can be removed three to four months after cap installation.

Du Pont Environmental Remediation Services ¢ 9



FIGURES

St




Chlaride Concerdrofion (Molar)

T

Figure 1

CALIBRATION CURVE FOR FREE CHLORIDE ANALYSIS
N

-1Q0

20

P

ot
o
-hd

Respose Value (mV)



Figure 2

Assumptions, Inputs, and Cross Section

for HELP Model

ASSUMPTIONS & INPUTS

Wilmington, DE

20 yrs. of precipitation data
Max. leaf index = 2

E.P. zone depth = 21 in

SCS #: 72

Fair grass

Area = 470,448 ft

Slope(top = 4%, bottom = 2%)
Drainage distance = 100 ft
Leakage fraction = 0.0002

6" Top Soil;, K = 5.7E—4

Ol Pl 18 Subsoil; K = 5.28—4

......

12" Sand DL; K = 1E-3

1" BS/L(bentomat); K = 1E-9

) o
o © o .
0 o © o 6" Gas venting Sand; K = 1E-2
o o) O
WASTE 264" waste
K = 1.7e-5
Legend
K Hydraulic Conductivity (cm/sec)

DL Drainage Layer
BS Barrier Soll
BS/L Barrier Soil with Liner
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Table 1

APPLIED PRESSURE HEAD, RESULTING FLOW RATE, AND

SAMPLE HYDRAULIC CONDUCTIVITY

Pressure Head
(psi)

Flow Rate (Q)
(ml/sec)

Hydraulic Conductivity (K)
{cm/sec)

0.011

5.90E-05

10,027

1.00E-05

Notes:
1 psi = 2.5 ft. of water.
Q is calculated by Darcy's Law .

it




Table 2

FREE CHLORIDE DETECTED IN FLUSH WATER

, 88,750.00| 11.72
30 71,000.00 1,171.50
45 53,250.00, . 5,857.50
60 26,625.00 6,443.25
75 15,975.00| 2,928.75
90 10,650.00| 2,108.70
10 8,876.00 1,405.80
120 7,100.00 820.05
135 7,100.00 820.05
150 4,686.00 117.15




Table 3

A MASS BALANCE BETWEEN INITAL TOTAL
CHLORIDE AND TOTAL CHLORIDE REMOVED FROM PORE FLUSH STUDY

% Removal | 91 ‘ 12

* Concentration is reported on dry weight basis.



Table 4

MONTHLY DRAINAGE COLLECTED FROM
THE DRAINAGE SYSTEM AND ITS CORRESPONDING PORE VOLUME

1 0.3762 8.89
2 0.3575 8.44
3 0.4165 9.84
4 0.4759 11.24
5 0.4702 1111
6 0.4138 9.77
7] 0.3857 9.11
8 0.3440| 8.13
9 0.2977 7.03)(

10| 0.2758 6.51

11 0.2400 5.67

12f _0.2905 _ 6.86]

* Pore volume is calculated based on a sample with a cross sectional area of 9.3 sq. cm.

¢
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Appendix A

CATALOGUE DESCRIPTION OF FLEXIBLE-WALLED
PERMEAMETER AND CONTROL PANEL
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FLEXIBLE WALL
PERMEAMETER*

The B-K Permeability Cell has been built
specifically for performing permecability
tests on fine grained soils using flexible
walls and back pressure sawration.

The Cell's head and base are machined
from an aluminum alloy and anodized for
corrosion resistance. Each Cell is supplied
complete with stainless steel 2.8™ cap and
pedestal with porous stones.

Double drain lines at each end of the sam-
ple simplify saturation and give greater
flexibility in controlling drainage. back-
pressure and pore pressure measurement.
Continuous teflon tubing goes directly 10
the end caps from the stainless steel
valves, avoiding connections that are po-
tential air traps. As an option, the Cell's
valves can be plumbed with stainless stecl
tubing.

The Cell when used with the Triaxial/
Perm. Panel (S-500) provides the com-
plete system for controlling and measuring
flow during the permeability tests. In ad-
dition, pore pressure transducers and digital
readout device allow monitoring of the
confining and pore pressures. The Permea-
meter comes complete as described, and in-
cludes 2.8" stainless steel cap and pedestal,
2.8" porous stones, teflon tubing, “O"
nings, stainless stecl valves and banding.

When using a hazardous or corrosive per-
meant, the B+-K Bladder Accumulator (S-
470) is recommended.

N4
Sh:pp[ng Weighe: 16 Ibs

S-480

§-48010 4~ Cap and Pedestal, S.S.

S-48020 Stainless Steel Tubing
RELATED PRODLCTS

E-400 Digital Transducer Readout

S-470 Bladder Accumutater

S-500 Triaxial/Permeability Panct

E-124 Pore Pressure Transducer
0-150 psi

T 7 SN B AL A b AR o6 B

“Refer 10 Technical Bullctin TBS-020 for
complete specifications.

S-480
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glem?
Hg/L
ADRE
AOC
ATSDR
bgs
CERCLA
cm/sec
COPC
DM
DNAPL
DNREC
DRBC
ERA
FEMA
FFS
FS
GMz
HCB
HDPE
HELP
HI
HSCA
IRM
LADD
LDRs
mg/L
mg/kg
mm
MSL
NAPL
NAVD
NCP
NGVD
OCDF
PCB
PPE
ppt
RAO
RCRA
RF
RI/FS
RI/RA
SIRB
SIS
SvOC

Attachment 4

grams per cubic centimeter

micrograms per liter
advection-diffusion-reaction equation
area of contamination

Agency for Toxic Substances and Disease Registry
below ground surface

Comprehensive Environmental Response, Compensation, and Liability Act
centimeters per second

constituents of potential concern

dredged material

dense, nonagueous phase liquid

Delaware Department of Natural Resources and Environmental Control
Delaware River Basin Commission
ecological risk assessment

Federal Emergency Management Agency
focused feasibility study

factor-of-safety

Groundwater Management Zone
hexachlorobenzene

high density polyethylene

Hydrologic Evaluation of Landfill Performance
hazard index

Hazardous Substances Cleanup Act
Iron-Rich material

lifetime average daily dose

Land Disposal Restrictions

milligrams per liter

milligrams per kilogram

millimeter

mean sea level

nonaqueous phase liquid

North American Vertical Datum

National Contingency Plan

National Geodetic Vertical Datum
octachlorodibenzofuran

polychlorinated biphenyl

personal protective equipment

parts per trillion

remedial action objectives

Resource Conservation and Recovery Act
reduction factor

remedial investigation/feasibility study
remedial investigation/risk assessment
Site Investigation and Restoration Branch
stabilization/solidification

semivolatile organic compound

List of Acronyms lof2



TAL
TCL
TCLP
TEQ
UECA
USEPA
USGS
VCP
VOC
WHO

target analyte list

target compound list

toxicity characteristic leaching procedure
toxicity equivalent

Uniform Environmental Covenant Act

United States Environmental Protection Agency
United States Geological Survey

Voluntary Cleanup Program

volatile organic compound

World Health Organization
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